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FUSED TRICYCLIC COMPOUNDS AS
SERINE-THREONINE PROTEIN KINASE AND
PARP MODULATORS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 11/849,230, filed on Aug. 31, 2007, which
claims priority under 35 U.S.C. .sctn. 119(e) to U.S. Provi-
sional Application Ser. No. 60/842,061 filed Sep. 1, 2006;
U.S. Provisional Application Ser. No. 60/844,542 filed Sep.
13, 2006; U.S. Provisional Application Ser. No. 60/846,683
filed Sep. 22, 2006; U.S. Provisional Application Ser. No.
60/873,936 filed Dec. 7, 2006; and U.S. Provisional Applica-
tion Ser. No. 60/859,716 filed Mar. 19, 2007. The contents of
these documents are incorporated herein by reference in their
entirety.

DESCRIPTION OF THE TEXT FILE SUBMITTED
ELECTRONICALLY

The contents of the text Me submitted electronically here-
with are incorporated herein by reference in their entirety: A
computer readable format copy or the Sequence Listing (file-
name: CYLE 033 _07US_SeqList.txt, date recorded: May
5, 2011, lile size 18 kilobytes).

FIELD OF THE INVENTION

The invention relates in part to molecules having certain
biological activities that include, but are not limited to, inhib-
iting cell proliferation, modulating serine-threonine protein
kinase activity and modulating polymerase activity. Mol-
ecules of the invention can modulate casein kinase (CK)
activity (e.g., CK2 activity) and/or poly(ADP-ribose)poly-
merase (PARP) activity. The invention also relates in part to
methods for using such molecules.

DISCLOSURE OF THE INVENTION

The present invention in part provides chemical com-
pounds having certain biological activities that include, but
are not limited to, inhibiting cell proliferation, inhibiting
angiogenesis, modulating protein kinase activity and modu-
lating polymerase activity. Certain molecules can modulate
casein kinase 2 (CK2) activity and/or a poly(ADP-ribose)
polymerase (PARP) activity and can affect biological func-
tions that include but are not limited to, inhibiting gamma
phosphate transfer from ATP to a protein or peptide substrate,
inhibiting angiogenesis, inhibiting cell proliferation and
inducing cell apoptosis, for example. The present invention
also in part provides methods for preparing novel chemical
compounds, and analogs thereof, and methods of using the
foregoing. Also provided are compositions comprising the
above-described molecules in combination with other agents,
and methods for using such molecules in combination with
other agents.

The compounds of the invention have the general formula
(A):

1 )
RN

QZ

10

15

20

25

30

35

40

55

60

65

2

wherein the group labeled a represents a5-6 membered
aromatic or heteroaromatic ring fused onto the ring con-
taining Q', wherein o is a 6-membered aryl ring option-
ally containing one or more nitrogen atoms as ring mem-
bers, or a five membered aryl ring selected from
thiophene and thiazole;

Q'is C=X, Q*is NR’, and the bond between Q" and Q>
is a single bond; or Q' is C—X—R>, Q% is N, and the
bond between Q' and Q? is a double bond; and

wherein X represents O, S or NR*, and Z'-Z® and R* and
R® are as defined below;

provided that when Q' in Formula (A) is C—NH®,
where @ is optionally substituted phenyl:

iftheringlabeled o is a six-membered ring containing
at least one N as a ring member, at least one R®
present must be a polar substituent, or if each R is
H, then ® must be substituted; and

if the ring labeled o is phenyl, and three of Z'-Z*
represent CH, then Z* cannot be C—OR", and 7>
cannot be NH,, NO,, NHC(—O)R" or NHC
(=0)—OR", where R" is C1-C4 alkyl.

The invention also includes the pharmaceutically accept-
able salts of compounds of formula (A). Thus in each com-
pound of the invention, Formula (A) represents a fused tricy-
clic ring system which is linked through either Q* or Q* to a
group R, which is further described below.

Thus, provided herein are compounds of Formulae I, I1, 111
and I'V:

Formula I
Formula IT
(¢]
73 R’
77 N
i
= 78 a ”24
3
z\zz/z
Formula ITT
OR?
75
767 XN
]
= 78 Z ﬁ4
AN
Formula IV
SR3
75
767 AN
]
= 78 e ﬁ4
NS
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and pharmaceutically acceptable salts, esters, prodrugs and In certain embodiments, provided are compounds having the
tautomers thereof;, wherein: structure of Formulae I, I, II1, and IV, and pharmaceutically
each 7!, 72, 73 and 7Z* is N or CR?; acceptable salts, esters and tautomers thereof; wherein:
each of Z°, 7%, 77 and 7% is CR® or N; each 7', 72, 73, and Z*is N or CR?;
each R and each R® is independently H or an optionally 3 each of 7%, 7°, 77 and 7® is N or CR®;
substituted C1-C8 alkyl, C2-C8 heteroalkyl, C2-C8 none, one or two of Z'-Z* are N and none, one or two of

alkenyl, C2-C8 heteroalkenyl, C2-C8 alkynyl, C2-C8
heteroalkynyl, C1-C8 acyl, C2-C8 heteroacyl,
C6-C10 aryl, C5-C12 heteroaryl, C7-C12 arylalkyl,

NH,, NO,, NHC(—O)R" or NHC(—0O)—OR",
where R" is C1-C4 alkyl.

73-78 are N;
each R? and each R® is independently H or an optionally
substituted C1-C8 alkyl, C2-C8 heteroalkyl, C2-C8

or C6-C12 heteroarylalkyl group, 10 alkenyl, C2-C8 heteroalkenyl, C2-C8 alkynyl, C2-C8
3 s heteroalkynyl, C1-C8 acyl, C2-C8 heteroacyl,
or each R* and each R® can be halo, OR, NR,, NROR, C6-C10 aryl, C5-C12 heteroaryl, C7-C12 arylalkyl
NRNR,, SR, SOR, SO,R, SO,NR,, NRSO,R, or C6-C12 h;:teroarylalkyl group: ’
NRCONR,, NRCOOR, NRCOR, CN. COOR, or each R? and each R® is independently halo, OR, NR,,
CONR,, OOCR, COR, or NO,, s NROR, NRNR,, SR, SOR, SO,R, SO,NR.,,
wherein each R is 1ndependently H or C1-C8 alkyl, NRSOzR, NRCONRz, NRCOOR, NRCOR, CN,
C2-C8 heteroalkyl, C2-C8 alkenyl, C2-C8 het- COOR, CONR,, OOCR, COR, polar substituent, car-
eroalkenyl, C2-C8 alkynyl, C2-C8 heteroalkynyl, boxy bioisostere, COOH or NO,,
C1-C8 acyl, C2-C8 heteroacyl, C6-C10 aryl, wherein each R is independently H or C1-C8 alkyl,
C5-C10 heteroaryl, C7-C12 arylalkyl, or C6-C12 20 C2-C8 heteroalkyl, C2-C8 alkenyl, C2-C8 het-
heteroarylalkyl, eroalkenyl, C2-C8 alkynyl, C2-C8 heteroalkynyl,
and wherein two R on the same atom or on adjacent C1-C8 acyl, C2-C8 heteroacyl, C6-C10 aryl,
atoms can be linked to form a 3-8 membered C5-C10 heteroaryl, C7-C12 arylalkyl, or C6-C12
ring, optionally containing one or more N, O or heteroarylalkyl,
S; 25 and wherein two R on the same atom or on adjacent
and each R group, and each ring formed by linking atoms can be linked to form a 3-8 membered
two R groups together, is optionally substituted ring, optionally containing one or more N, O or
with one or more substituents selected from R
halo, —0, —N-—CN, —N-—OR', —NR', OR', and each R group, and each ring formed by linking
NR',, SR, SO,R', SO,NR',, NR'SO,R', 30 two R groups together, is optionally substituted
NR'CONR',, NR'COOR', NR'COR', CN, with one or more substituents selected from
COOR', CONR',, OOCR', COR', and NO,, halo, —0, —N—CN, —N—OR', —NR', OR,
wherein each R' is independently H, C1-C6 NR',, SR, SO,R', SO,NR',, NR'SO,R,
alkyl, C2-C6 heteroalkyl, C1-C6 acyl, C2-C6 NR'CONR',, NR'COOR', NR'COR', CN,
heteroacyl, C6-C10 aryl, C5-C10 heteroaryl, 35 COOR', CONR',, OOCR', COR', and NO,,
C7-12 arylalkyl, or C6-12 heteroarylalkyl, each wherein each R! is independently H, C1-C6
of which is optionally substituted with one or alkyl, C2-C6 heteroalkyl, C1-C6 acyl, C2-C6
more groups selected from halo, C1-C4 alkyl, heteroacyl, C6-C10 aryl, C5-C10 heteroaryl,
C1-C4 heteroalkyl, C1-C6 acyl, C1-C6 heteroa- C7-12 arylalkyl, or C6-12 heteroarylalkyl, each
cyl, hydroxy, amino, and —O; 40 of which is optionally substituted with one or
and wherein two R' can be linked to form a 3-7 more groups selected from halo, C1-C4 alkyl,
membered ring optionally containing up to three C1-C4 heteroalkyl, C1-C6 acyl, C1-C6 heteroa-
heteroatoms selected from N, O and S, cyl, hydroxy, amino, and —O;

R*is H or optionally substituted member selected from the and wherein two R' can be linked to form a 3-7
group consisting of C, -C, alkyl, C2-C6 heteroalkyl, and 45 membered ring optionally containing up to three
C1-C6 acyl; heteroatoms selected from N, O and S;

each R® is independently H or an optionally substituted R*is H or an optionally substituted member selected from
member selected from the group consisting of C,_;, the group consisting of C1-C6 alkyl, C2-C6 heteroalkyl,
alkyl, C,_,, alkenyl, C,_,, heteroalkyl, C; 4 carbocyclic and C1-C6 acyl;
ring, and C,_, heterocyclic ring optionally fused to an 50  each R’ is independently H or an optionally substituted
additional optionally substituted carbocyclic or hetero- member selected from the group consisting of C,_;,
cyclic; or R® is a C,_, alkyl, C,_,, alkenyl, or C,_,, alkyl, C,_,, alkenyl, C,_, , heteroalkyl, C;_¢ carbocyclic
heteroalkyl substituted with an optionally substituted ring, and C;_g heterocyclic ring optionally fused to an
C, ¢ carbocyclic ring or C, ¢ heterocyclic ring; and additional optionally substituted carbocyclic or hetero-
in each —NR*R>, R* and R° together with N may form 55 cyclic; or R® is a C,_,, alkyl, C,_,, alkenyl, or C,_,

an optionally substituted 3-8 membered ring, which heteroalkyl substituted with an optionally substituted
may optionally contain an additional heteroatom C,_g carbocyclic ring or C;_g heterocyclic ring; and
selected from N, O and S as a ring member; in each —NR*R>, R* and R” together with N may form
provided that when —NR*R? in Formula (I) is —NH®, an optionally substituted 3-8 membered ring, which
where @ is optionally substituted phenyl: 60 may optionally contain an additional heteroatom
if at least one of Z>-Z® is N, at least one R? present selected from N, O and S as a ring member;
must be a polar substituent, or if each R? is H, then provided that when —NR*R? in Formula (I) is —NH®,
@ must be substituted; and where @ is optionally substituted phenyl:
if each of Z°-Z® is CR®, and three of Z'-Z* represent ifall of Z3-Z® are CH or one of Z°>-Z® is N, at least one
CH, then Z? cannot be C—OR", and Z> cannot be 65 of Z'-Z* is CR? and at least one R® must be a

non-hydrogen substituent; or
if each R? is H, then @ must be substituted; or
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if all of Z>-Z® are CH or one of Z°>-Z® is N, then Z* is not
C—OR", and Z> is not NH,, NO,, NHC(=O)R" or
NHC(=—0)—O0OR", where R" is C1-C4 alkyl.

In certain embodiments, one, two, three or four of Z°, Z°,
77 and Z® are N. For embodiments in which two of 2>, Z°, 77
and Z® are N, the ring nitrogen atoms may be adjacent (e.g.,
nitrogen atoms at Z> and Z°, Z% and Z7, or Z7 and Z®) or may
be separated by one or two ring positions (e.g., nitrogen atoms
atZ>and 77, Z% and Z® or Z° and Z®). In certain embodiments,
at least one R? substituent is a polar substituent, such as a
carboxylic acid or a salt, an ester or a bioisostere thereof. In
some embodiments, at least one R> is a carboxylic acid-
containing substituent or a carboxylate bioisostere, or asalt or
ester thereof, for example. In some embodiments, at least one
R? is a carboxylic acid-containing substituent or a salt thereof.

The term “polar substituent™ as used herein refers to any
substituent having an electric dipole, and optionally a dipole
moment (e.g., an asymmetrical polar substituent has a dipole
moment and a symmetrical polar substituent does not have a
dipole moment). Polar substituents include substituents that
accept or donate a hydrogen bond, and groups that would
carry at least a partial positive or negative charge in aqueous
solution at physiological pH levels. In certain embodiments,
apolar substituent is one that can accept or donate electrons in
anon-covalent hydrogen bond with another chemical moiety.
In certain embodiments, a polar substituent is selected from a
carboxy, a carboxy bioisostere or other acid-derived moiety
that exists predominately as an anion at a pH of about 7 to 8.
Other polar substituents include, but are not limited to, groups
containing an OH or NH, an ether oxygen, an amine nitrogen,
an oxidized sulfur or nitrogen, a carbonyl, a nitrile, and a
nitrogen-containing or oxygen-containing heterocyclic ring
whether aromatic or non-aromatic. In some embodiments, the
polar substituent represented by R> is a carboxylate or a
carboxylate bioisostere.

“Carboxylate bioisostere” or “carboxy bioisostere” as used
herein refers to a moiety that is expected to be negatively
charged to a substantial degree at physiological pH. In certain
embodiments, the carboxylate bioisostere is a moiety
selected from the group consisting of:

0
OH
_ NH
\N/N\ R o) }— R’
O
NH NH NH
o \s —R’ o \s —R’ N/ /K
AN g o7 o
X X o XL
o// \\o o// \\o o// \\o
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and salts and prodrugs of the foregoing, wherein each R” is
independently H or an optionally substituted member
selected from the group consisting of C,_,, alkyl, C,_,, alk-
enyl, C,_,, heteroalkyl, C; ¢ carbocyclic ring, and C; ¢ het-
erocyclic ring optionally fused to an additional optionally
substituted carbocyclic or heterocyclic ring; or R” is a C,_j,
alkyl, C,_,, alkenyl, or C,_;, heteroalkyl substituted with an
optionally substituted C;_g carbocyclic ring or C;_g heterocy-
clic ring. In certain embodiments, the polar substituent is
selected from the group consisting of carboxylic acid, car-
boxylic ester, carboxamide, tetrazole, ftriazole, car-
boxymethanesulfonamide, oxadiazole, oxothiadiazole, triaz-
ole, aminothiazole and hydroxythiazole. In some
embodiments, at least one R> present is a carboxylic acid or a
salt, or ester or a bioisostere thereof. In certain embodiments,
at least one R> present is a carboxylic acid-containing sub-
stituent or a salt, ester or bioisostere thereof. In the latter
embodiments, the R® substituent may be a C1-C10 alkyl or
C1-C10 alkenyl linked to a carboxylic acid (or salt, ester or
bioisostere thereof), for example, and in some embodiments,
the R? substituent is not —NHCOOCH,CH,.

In certain embodiments, at least one of Z!-Z* and Z°-Z78 is
a nitrogen atom, and one or more ring nitrogen atoms can be
positioned in the ring containing Z'-Z* or in the ring contain-
ing Z°-Z? such that each ring is independently an optionally
substituted pyridine, pyrimidine or pyridazine ring. For
example, one or more ring nitrogen atoms within the ring
containing Z°-Z® may be arranged as follows:
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R64
R% N
N X S
RSC F RSC F
R6D R6D
R64 R64
RSB RSB
| AN AN
N
= AN
R6D
R64
RY N\
\( A
N = J|\
R&¢ N/
R6D
R&4 R64
N
s RGB
N x N \ \
RSC A AN N #
N
REP R6D

where each R% R%% R and R% independently is selected
from RS substituents defined above with respect to com-
pounds of Formula I, IL, IIT or IV. In certain embodiments, no
two adjacent Z'-Z* or Z°-Z8 both are N.

A polar substituent may be at any position on the ring
containing Z'-Z* in Formula I, II, I or IV, and the ring may
include one, two, three or four polar substituents. In certain
embodiments, each of Z*-Z* may be CR> and one of the R?
substituents may be a polar substituent (e.g., a carboxylate or
carboxylic acid ester, or a tetrazole) arranged at any one of the
positions in the ring containing Z'-Z*:

R3A R3A
R3P R3B R3D R3B
R3 C R3P
R3A
:ﬁ R3P D
R3 C R3 C

where R*” is a polar substituent and each R*%, R*#, R*“ and
R*” independently is selected from R® substituents, as
defined above with respect to compounds of Formula I, 11, 11T
or IV.

In certain embodiments of the compounds in the foregoing
Formulae, R*is H. In some embodiments, R* is H or CH, and
R’ is an optionally substituted 3-8 membered ring, which can
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8

be aromatic, nonaromatic, and carbocyclic or heterocyclic, or
R’ is a C,_,, alkyl group substituted with such an optionally
substituted 3-8 membered ring. In specific embodiments, R’
is an optionally substituted five-, six-, or seven-membered
carbocyclic or heterocyclic ring, and sometimes is an option-
ally substituted phenyl ring.

In some embodiments pertaining to compounds of For-
mulal, R*is Hor CH, and R® is a phenyl substituted with one
or more halogen (e.g., F, Cl) or acetylene substituents, which
substituents sometimes are on the phenyl ring at the 3-posi-
tion, 4-position or 5-position, or combinations thereof (e.g.,
the 3- and S-positions).

R? in certain embodiments is a C,_, alkyl substituted with
an optionally substituted phenyl, pyridyl or morpholino ring
substituent, or substituted with —NR*R* where R* is as
defined above (e.g., R® may be —N(CHs,),). The polar group
represented by R in some embodiments is a carboxy, car-
boxyalkyl (e.g., carboxymethyl), tetrazole or amide (e.g.,
—CONH,) substituent. In other embodiments, R represents
a carboxylate bioisostere.

An R® substituent in certain embodiments, such as R%Z,
sometimes is a —NR*R’ substituent, such as a —NH—(C1-
C6 alkyl) moiety (e.g., —NH-—CHj;), for example. In some
embodiments, the compound has the structure of Formula I;
R*is H or CH;; R® is an optionally substituted five-, six-, or
seven-membered carbocyclic or heterocyclic ring, and some-
times is an optionally substituted phenyl ring; and one R? is a
carboxylic acid or a salt, an ester or a carboxylate bioisostere.
In some embodiments, the compound has the structure of
Formula I; R* is H or CH,; R is an optionally substituted
five-, six-, or seven-membered carbocyclic or heterocyclic
ring, and sometimes is an optionally substituted phenyl ring;
and one or two of Z°, 7%, 27 and Z® are N.

In some embodiments of compounds of Formulae I, II, III
orlV, eachof 2}, 72, 73, and Z* is CR?, and at least one R> is
H, or at least two R® are H. Often, at least one R® is H, or at
least two RS are H. In some embodiments, (i) each Z*, 72, Z°,
7*,7°,7%and 7% is CR® and 7 is nitrogen; or (ii) each Z*, Z*,
73,7%,7° 77 and Z® is CR? and Z° is nitrogen; or (iii) each Z*,
72,73,7%,7° and 78 is CR® and each of Z° and Z” is nitrogen.
Each R? and/or each R® present in certain embodiments is
hydrogen, except that at least one R> present is a polar sub-
stituent. In some embodiments, each R>%, R3¢, R3P, R4, R%5,
R®and R®”is H and R*># is a polar substituent (e.g., carboxy-
late, carboxylic acid, tetrazole).

Also provided herein are compounds of Formula (A) rep-
resented by one of Formulae V, VI, VII or VIII:

Formula V

Formula VI
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Formula VII
OR’
RGA
Xy
wid |
S / ﬁ4
3
z\zz/z

Formula VIII

and pharmaceutically acceptable salts, esters, prodrugs and
tautomers thereof; where Z', 72, 73, Z*, R* and R® are defined
above with respect to compounds of Formulae I, I1, [ll and IV,
and each R% and R%” is independently selected from an R°
substituent defined above with respect to compounds of For-
mulae I, I, IIT and IV. As with compounds of Formulae I, 11,
I1I and IV, at least one R present is a polar substituent, such
as a polar substituent described above. Embodiments
described with respect to compounds of Formulae I, I1, IIlTand
1V also may be applied to compounds of Formulae V, VI, VII
and VIIIL.
In certain embodiments, provided are compounds having a
structure of Formulae V, VI, VII and VIII, and pharmaceuti-
cally acceptable salts, esters and tautomers thereof; wherein:
each 7', 72, 7*, and Z* independently is N or CR® and
none, one or two of Z', Z?, 73 and Z*is N;
each R?, R% and R%? independently is H or an optionally
substituted C1-C8 alkyl, C2-C8 heteroalkyl, C2-C8 alk-
enyl, C2-C8 heteroalkenyl, C2-C8 alkynyl, C2-C8 het-
eroalkynyl, C1-C8 acyl, C2-C8 heteroacyl, C6-C10 aryl,
C5-C12 heteroaryl, C7-C12 arylalkyl, or C6-C12 het-
eroarylalkyl group,
or each R?, R* and R%? independently is halo, OR, NR,,
NROR, NRNR,, SR, SOR, SO,R, SO,NR,, NRSO,R,
NRCONR,, NRCOOR, NRCOR, CN, COOR, polar
substituent, carboxy bioisostere, CONR,, OOCR, COR,
or NO,,
wherein each R is independently H or C1-C8 alkyl,
C2-C8 heteroalkyl, C2-C8 alkenyl, C2-C8 heteroalk-
enyl, C2-C8 alkynyl, C2-C8 heteroalkynyl, C1-C8
acyl, C2-C8 heteroacyl, C6-C10 aryl, C5-C10 het-
eroaryl, C7-C12 arylalkyl, or C6-C12 heteroaryla-
Ikyl,
and wherein two R on the same atom or on adjacent
atoms can be linked to form a 3-8 membered ring,
optionally containing one or more N, O or S;
and each R group, and each ring formed by linking
two R groups together, is optionally substituted
with one or more substituents selected from halo,
—0, —N—CN, —N—OR', —NR', OR', NR',,
SR', SO,R', SO,NR',, NR'SO,R'NR'CONR',,
NR'COOR',NR'COR', CN, COOR', CONR',,
OOCR!, COR', and NO,,
wherein each R! is independently H, C1-C6 alkyl,
C2-C6 heteroalkyl, C1-C6 acyl, C2-C6 heteroa-
cyl, C6-C10 aryl, C5-C10 heteroaryl, C7-12 ary-
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10
lalkyl, or C6-12 heteroarylalkyl, each of which is
optionally substituted with one or more groups
selected from halo, C1-C4 alkyl, C1-C4 het-
eroalkyl, Cl1-C6 acyl, C1-C6 heteroacyl,
hydroxy, amino, and —O;
and wherein two R' can be linked to form a 3-7 mem-
bered ring optionally containing up to three het-
eroatoms selected from N, O and S,

R*is H or optionally substituted member selected from the
group consisting of C, -C, alkyl, C2-C6 heteroalkyl, and
C1-C6 acyl;

each R is independently H or an optionally substituted
member selected from the group consisting of C,_;,
alkyl, C,_,, alkenyl, C,_,, heteroalkyl, C;_g carbocyclic
ring, and C;_g heterocyclic ring optionally fused to an
additional optionally substituted carbocyclic or hetero-
cyclic; or R® is a C,_,, alkyl, C,_,, alkenyl, or C,_,
heteroalkyl substituted with an optionally substituted
C,_g carbocyclic ring or C;_g heterocyclic ring; and
in each —NR*R>, R* and R” together with N may form

an optionally substituted 3-8 membered ring, which
may optionally contain an additional heteroatom
selected from N, O and S as a ring member;
provided that if R® in Formula IV is phenyl, substituted
phenyl, —CH(CH;)—(CH,);—NEt,, —(CH,);-pip-
erazine-(CH,);—NH,, cyclohexane or butyl, then one
or more of R® present is a non-hydrogen moiety.

In some embodiments pertaining to compounds of Formu-
lae V, VI, VII and VIIL, each of Z*, Z*, Z3, and Z* is CR?, and
atleast one leis H, or at least two R are H. Often, at least one
of R%* and R%% is H, and sometimes each of R®* and R%% is H.
In certain embodiments, each R? and/or each of R% and R%%
present is I, except that at least one R> present is a polar
substituent. In some embodiments, each R*#, R*¢, R*”, R%
and R%% is H and R>Z is a polar substituent (e.g., carboxylate
bioisostere, carboxylic acid, tetrazole).

In certain embodiments pertaining to compounds of For-
mula V, R* is H or CH, and R® is an optionally substituted
five-, six- or seven-membered carbocyclic or heterocyclic
ring (e.g., optionally substituted phenyl ring). In some
embodiments pertaining to compounds of Formula V, R* is H
or CH; and R® is a phenyl ring substituted with one or more
halogen (e.g., F, Cl) or acetylene substituents, which substitu-
ents sometimes are at the 3-position, 4-position or 5-position,
or a combination thereof (e.g., the 3- and 5-positions). R” in
certain embodiments is a C, ; alkyl substituted with an
optionally substituted phenyl, pyridyl, morpholino or pyrro-
1yl substituent, or a C,_; alkyl substituted with a hydroxyl
substituent or substituted with a substituent —NR*R*, where
R* is as defined above (e.g., R® can be —N(CHy,),). An R®
substituent in certain embodiments, such as R®* or R%%,
sometimes is a —NR*R?> substituent, such as a —NH—(C1-
C6 alkyl) moiety (e.g., —NH—CH,), for example.

Provided also are compounds of Formulae IX, X, XI and
XII:

Formula IX
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Formula X
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Formula XI

15

Formula XII

tautomers thereof: where Z', Z*, 73, Z*, R*, R® and R® are
defined above with respect to compounds of Formulae I, I1, II1
and IV. As with compounds of Formulae 1, II, IIT and IV, at

least one R? present is a polar substituent, such as a polar

substituent described above (e.g., carboxylic acid, carboxy-
late, tetrazole). For compounds of Formula IX, R* and R® are
not both hydrogen, and independently are H, —Y° or -LY",
where Y is an optionally substituted 5-membered ring or
optionally substituted 6-membered ring (e.g., heterocyclic 40
ring or carbocyclic ring each being aryl or non-aryl), Y* is an
optionally substituted 5-membered aryl ring or optionally
substituted 6-membered aryl ring, and L is a C1-C20 alkyl
linker or C1-C20 alkylene linker. In some embodiments, pro-
vided are compounds having a structure of Formulae IX, X, 45
XTI and XII, and pharmaceutically acceptable salts, esters and
tautomers thereof;, wherein:

each Z', 7%, 72, and Z* is N or CR? and none, one or two of
7', 72,73, and Z* is N;

each R® and R® is independently H or an optionally 5

substituted C1-C8 alkyl, C2-C8 heteroalkyl, C2-C8
alkenyl, C2-C8 heteroalkenyl, C2-C8 alkynyl, C2-C8

heteroalkynyl,

C6-C10 aryl, C5-C12 heteroaryl, C7-C12 arylalkyl,
or C6-C12 heteroarylalkyl group, 3

C1-C8 acyl,

C2-C8 heteroacyl,

or each R® and R® can be halo, OR, NR,, NROR,
NRNR,, SR, SOR, SO,R, SO,NR,, NRSO,R,
NRCONR,, NRCOOR, NRCOR, CN, COOR, polar

substituent, carboxy bioisostere, CONR,, OOCR

COR, or NO,,

> 60

wherein each R is independently H or C1-C8 alkyl,
C2-C8 heteroalkyl, C2-C8 alkenyl, C2-C8 het-
eroalkenyl, C2-C8 alkynyl, C2-C8 heteroalkynyl,
C1-C8 acyl, C2-C8 heteroacyl, C6-C10 aryl, 65
C5-C10 heteroaryl, C7-C12 arylalkyl, or C6-C12
heteroarylalkyl,

12

and wherein two R on the same atom or on adjacent
atoms can be linked to form a 3-8 membered
ring, optionally containing one or more N, O or
S;

and each R group, and each ring formed by linking
two R groups together, is optionally substituted
with one or more substituents selected from
halo, —0, —N—CN, —N—OR', —NR', OR,
NR',, SR, SO,R, SO,NR',, NR'SO,R/,
NR'CONR',, NR'COOR', NR'COR', CN,
COOR', CONR',, OOCR', COR', and NO,,

wherein each R! is independently H, C1-C6
alkyl, C2-C6 heteroalkyl, C1-C6 acyl, C2-C6
heteroacyl, C6-C10 aryl, C5-C10 heteroaryl,
C7-12 arylalkyl, or C6-12 heteroarylalkyl, each
of which is optionally substituted with one or
more groups selected from halo, C1-C4 alkyl,
C1-C4 heteroalkyl, C1-C6 acyl, C1-C6 heteroa-
cyl, hydroxy, amino, and —O;

and wherein two R' can be linked to form a 3-7
membered ring optionally containing up to three
heteroatoms selected from N, O and S;

R*is H or optionally substituted member selected from the
group consisting of C1-C6 alkyl, C2-C6 heteroalkyl,
and C1-C6 acyl;

each R is independently H or an optionally substituted
member selected from the group consisting of C,_;,
alkyl, C,_,, alkenyl, C,_, , heteroalkyl, C;_¢ carbocyclic
ring, and C,_g heterocyclic ring optionally fused to an
additional optionally substituted carbocyclic or hetero-
cyclic; or R® is a C,_,, alkyl, C,_,, alkenyl, or C,_,
heteroalkyl substituted with an optionally substituted
C,_g carbocyclic ring or C;_g heterocyclic ring; and

in each —NR*R®, R* and R* together with N may form an
optionally substituted 3-8 membered ring, which may option-
ally contain an additional heteroatom selected from N, O and
S as a ring member.

Embodiments described with respect to compounds of For-
mulae [, I1, 111, IV, V, VI, VII and VIII also may be applied to
compounds of Formulae IX, X, XI and XII. In some embodi-
ments pertaining to compounds of Formulae IX, X, XI and
X11, each of 2}, 72,73, and Z* is CR?, and at least one R* is H,
or at least two R? are H. R® often is H, and in certain embodi-
ments, each R® and R? present is H, except that at least one R>
present is a polar substituent. In some embodiments, each
R34, R3¢, R*” and R%is H and R*Z is a polar substituent (e.g.,
carboxylate, carboxylic acid, tetrazole).

In certain embodiments pertaining to compounds of For-
mula IX, R* is H or CH, and R® is an optionally substituted
five-, six- or seven-membered carbocyclic or heterocyclic

5 ring (e.g., optionally substituted phenyl ring). In some

embodiments pertaining to compounds of Formula IX, R*is
H or CH, and R’ is a phenyl ring substituted with one or more
halogen (e.g., F, Cl) or acetylene substituents, which substitu-
ents sometimes are at the 3-position, 4-position or 5-position,
or a combination thereof (e.g., the 3- and 5-positions). R in
certain embodiments is a C, 5 alkyl substituted with an
optionally substituted phenyl, pyridyl, morpholino or pyrro-
Iyl substituent, or a C,_; alkyl substituted with a hydroxyl
substituent or substituted with a —NR*R* (e.g., —N(CHs,),)
substituent. R® in certain embodiments sometimes is a
—NR*R? substituent, such as a —NH—(C1-C6 alkyl) moi-
ety (e.g., —NH—CH,), for example.
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Also provided herein are compounds of Formulae XIII,
XIV, XV and XVI:

Formula XTIT

/
s
N
75
K | Xy
A s
RS
Formula XIV
/
o
N
75
A P
COOH
Formula XV
HN : R®
75
RS
Formula XVI
HN” : “R®
75
K | XN
N e F
COOH

and pharmaceutically acceptable salts, esters, prodrugs and
tautomers thereof;, wherein:

and pharmaceutically acceptable salts, esters, prodrugs and
tautomers thereof;, wherein:

73 is N or CR%4;

each R%4, R%% R and R® independently is H or an option-
ally substituted C1-C8 alkyl, C2-C8 heteroalkyl, C2-C8
alkenyl, C2-C8 heteroalkenyl, C2-C8 alkynyl, C2-C8
heteroalkynyl, C1-C8 acyl, C2-C8 heteroacyl, C6-C10
aryl, C5-C12 heteroaryl, C7-C12 aryl alkyl, or C6-C12
heteroaryl alkyl group,

or each R%, R%%, R%“ and R® independently is halo, CF,
CFN, OR, NR,, NROR, NRNR,, SR, SOR, SO,R,
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SO,NR,, NRSO,R, NRCONR,, NRCOOR, NRCOR,
CN, COOR, carboxy bioisostere, CONR,, OOCR,
COR, or NO,,

R? is independently an optionally substituted C1-C8 alkyl,
C2-C8 heteroalkyl, C2-C8 alkenyl, C2-C8 heteroalk-
enyl, C2-C8 alkynyl, C2-C8 heteroalkynyl, C1-C8 acyl,
C2-C8 heteroacyl, C6-C10 aryl, C5-C12 heteroaryl,
C7-C12 arylalkyl, or C6-C12 heteroarylalkyl group, or

R? is independently halo, OR, NR,, NROR, NRNR,, SR,
SOR, SO,R, SO,NR,, NRSO,R, NRCONR,,
NRCOOR, NRCOR, CN, COOR, CONR,, OOCR,
COR, or NO,,

wherein each R is independently H or C1-C8 alkyl, C2-C8
heteroalkyl, C2-C8 alkenyl, C2-C8 heteroalkenyl,
C2-C8 alkynyl, C2-C8 heteroalkynyl, C1-C8 acyl,
C2-C8 heteroacyl, C6-C10 aryl, C5-C10 heteroaryl,
C7-C12 arylalkyl, or C6-C12 heteroarylalkyl,

and wherein two R on the same atom or on adjacent atoms
can be linked to form a 3-8 membered ring, optionally
containing one or more N, O or S;

and each R group, and each ring formed by linking two R
groups together, is optionally substituted with one or more
substituents selected from halo, —0, —N-—CN, —N-—OR’,
—NR', OR', NR',, SR, SO,R', SO,NR',, NR'SO,R/,
NR'CONR',, NR'COOR', NR'COR', CN, COOR', CONR',,
OOCR!, COR', and NO,,

wherein each R' is independently H, C1-C6 alkyl, C2-C6
heteroalkyl, C1-C6 acyl, C2-C6 heteroacyl, C6-C10
aryl, C5-C10 heteroaryl, C7-12 arylalkyl, or C6-12 het-
eroarylalkyl, each of which is optionally substituted
with one or more groups selected from halo, C1-C4
alkyl, C1-C4 heteroalkyl, C1-C6 acyl, C1-C6 heteroa-
cyl, hydroxy, amino, and —O;

and wherein two R' can be linked to form a 3-7 membered
ring optionally containing up to three heteroatoms
selected from N, O and S;

nis 0to 4; and

pis Oto 4.

In certain embodiments for compounds of Formulae XIII,
XIV, XV and XV, Z° is N. In some embodiments, R® is a
caboxy moiety, such as a carboxylate or carboxylic acid. In
certain embodiments, R® is selected from —C=CR,
—C=CH, —CH,, —CH,CH,, —CF;, —C=N, —OR or
halogen. In some embodiments R® is selected from halogen,
—C=CR or —C=CH. In certain embodiments R® is
selected from halogen or —C=CH, and in some embodi-
ments R? is halogen, is chloro, is bromo or is —C=CH.

Also provided herein is a pharmaceutical composition
comprising a compound described herein and a pharmaceu-
tically acceptable carrier. Pharmaceutical compositions can
be utilized in treatments described herein.

Provided also are methods for identifying a candidate mol-
ecule that interacts with a CK2 or PARP protein, which com-
prise: contacting a composition containing a CK2 or PARP
protein and a compound described herein with a candidate
molecule under conditions in which the compound and the
protein interact, and determining whether the amount of the
compound that interacts with the protein is modulated relative
to a control interaction between the compound and the protein
without the candidate molecule, whereby a candidate mol-
ecule that modulates the amount of the compound interacting
with the protein relative to the control interaction is identified
as a candidate molecule that interacts with the protein. In
certain embodiments, the protein is a CK2 protein, such as a
CK2 protein comprising the amino acid sequence of SEQ ID
NO: 1, 2 or 3 or a substantially identical variant thereof, for
example.
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(NP_001886; casein kinase II alpha 1 subunit isoform a
[Homo sapiens])
SEQ ID NO: 1
1 msgpvpsrar vytdvnthrp reywdyeshv vewgngddyq lvrklgrgky sevfeainit
61 nnekvvvkil kpvkkkkikr eikilenlrg gpniitladi vkdpvsrtpa lvfehvnntd
121 fkglygtltd ydirfymyei lkaldychsm gimhrdvkph nvmidhehrk lrlidwglae
181 fyhpggeynv rvasryfkgp ellvdyqmyd ysldmwslgc mlasmifrke pffhghdnyd
241 (glvriakvlg tedlydyidk ynieldprfn dilgrhsrkr werfvhsenq hlvspealdf
301 1dkllrydhqg srltareame hpyfytvvkd garmgsssmp ggstpvssan mmsgissvpt
361 psplgplags pviaaanplg mpvpaaagad q
(NP 808227; casein kinase II alpha 1 subunit isoform a
[Homo sapiens])
SEQ ID NO: 2
1 msgpvpsrar vytdvnthrp reywdyeshv vewgngddyq lvrklgrgky sevfeainit
61 nnekvvvkil kpvkkkkikr eikilenlrg gpniitladi vkdpvsrtpa lvfehvnntd
121 fkglygtltd ydirfymyei lkaldychsm gimhrdvkph nvmidhehrk lrlidwglae
181 fyhpggeynv rvasryfkgp ellvdyqmyd ysldmwslgc mlasmifrke pffhghdnyd
241 (glvriakvlg tedlydyidk ynieldprfn dilgrhsrkr werfvhsenq hlvspealdf
301 1dkllrydhqg srltareame hpyfytvvkd garmgsssmp ggstpvssan mmsgissvpt
361 psplgplags pviaaanplg mpvpaaagad q
(NP 808228; casein kinase II alpha 1 subunit isoform b
[Homo sapiens])
SEQ ID NO: 3
1 myeilkaldy chsmgimhrd vkphnvmidh ehrklrlidw glaefyhpgq eynvrvasry
61 fkgpellvdy gmydysldmw slgcmlasmi frkepffhgh dnydglvria kvigtedlyd
121 yidkynield prfndilgrh srkrwerfvh senghlvspe aldfldkllr ydhgsrltar

181 eamehpyfyt vvkdgarmgs ssmpggstpv ssanmmsgis svptpsplgp lagspviaaa

241 nplgmpvpaa agaqq

In some embodiments, the protein is a PARP protein, such as 4 ID NO: 4 or a substantially identical variant thereof, for
a PARP protein comprising the amino acid sequence of SEQ example.

(NP 001609; poly (ADP-ribose) polymerase family, member 1
[Homo sapiens])
SEQ ID NO: 4
l1maessdklyr veyaksgras ckkesesipk dslrmaimvg spmfdgkvph wyhfscfwkv
61lghsirhpdve vdgfselrwd dggkvkktae aggvtgkggd gigskaektl gdfaaeyaks
121 nrstckgeme kiekggvrls kkmvdpekpg lgmidrwyhp gcfvknreel gfrpeysasq
181 l1kgfsllate dkealkkqglp gvksegkrkg devdgvdeva kkkskkekdk dsklekalka
241 gndliwnikd elkkvestnd lkellifnkg gvpsgesail drvadgmvig allpceecsg
301 glvfksdayy ctgdvtawtk cmvktgtpnr kewvtpkefr eisylkklkv kkgdrifppe
361 tsasvaatpp pstasapaav nssasadkpl snmkiltlgk lsrnkdevka mieklggklt
421 gtankaslci stkkevekmn kkmeevkean irvvsedflqg dvsastkslg elflahilsp
481 wgaevkaepv evvaprgksg aalskkskgg vkeeginkse krmkltlkgg aavdpdsgle
541 hsahvlekgg kvfsatlglv divkgtnsyy klglleddke nrywifrswg rvgtvigsnk
601 legmpskeda iegfmklyee ktgnawhskn ftkypkkfyp leidyggdee avkkltvnpg

661 tksklpkpvg dlikmifdve smkkamveye idlgkmplgk lskrgiqaay silsevqgav

721 sqgssdsqil dlsnrfytli phdfgmkkpp llnnadsvga kvemldnlld ievaysllrg
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-continued
781 gsddsskdpi dvnyeklktd
841 regecqrykp fkglhnrrll
901 vsksanyyht sqgdpiglil

961nisldgvdvp lgtgissgvi

18

ikvvdrdsee aeiirkyvkn thatthsayd levidifkie
whgsrttnfa gilsgglria ppeapvtgym fgkgiyfadm
lgevalgnmy elkhashisr lpkgkhsvkg lgkttpdpsa

dtsllyneyi vydiagvnlk yllklkfnfk tslw

In certain embodiments the protein is in a cell or in a cell-free 10 molecule that inhibits PARP or CK2 is a compound of For-

system. The protein, the compound or the molecule in some
embodiments is in association with a solid phase. In certain
embodiments, the interaction between the compound and the
protein is detected via a detectable label, where in some
embodiments the protein comprises a detectable label and in
certain embodiments the compound comprises a detectable
label. The interaction between the compound and the protein
sometimes is detected without a detectable label.

Also provided are methods for modulating the activity of a
CK2 protein or PARP protein, which comprise contacting a
system comprising the protein with a compound described
herein in an amount effective for modulating the activity of
the protein. In certain embodiments the activity of the protein
is inhibited, and sometimes the protein is a CK2 protein, such
as a CK2 protein comprising the amino acid sequence of SEQ
IDNO: 1, 2 or 3 or asubstantially identical variant thereof, for
example. In some embodiments the protein is a PARP protein,
such as a PARP protein comprising the amino acid sequence
of SEQ ID NO: 4 or a substantially identical variant thereof,
for example. In certain embodiments, the system is a cell, and
in other embodiments the system is a cell-free system. The
protein or the compound may be in association with a solid
phase in certain embodiments.

Provided also are methods for inhibiting cell proliferation,
which comprise contacting cells with a compound described
herein in an amount effective to inhibit proliferation of the
cells. The cells sometimes are in a cell line, such as a cancer
cell line (e.g., breast cancer, prostate cancer, pancreatic can-
cer, lung cancer, hemopoietic cancer, colorectal cancer, skin
cancer, ovary cancer cell line), for example. In some embodi-
ments, the cancer cell line is a breast cancer, prostate cancer or
pancreatic cancer cell line. The cells sometimes are in a
tissue, can be in a subject, at times are in a tumor, and some-
times are in a tumor in a subject. In certain embodiments, the
method further comprises inducing cell apoptosis. Cells
sometimes are from a subject having macular degeneration.

Also provided are methods for treating a condition related
to aberrant cell proliferation, which comprise administering a
compound described herein to a subject in need thereof in an
amount effective to treat the cell proliferative condition. In
certain embodiments the cell proliferative condition is a
tumor-associated cancer. The cancer sometimes is of the
breast, prostate, pancreas, lung, colorectum, skin, or ovary. In
some embodiments, the cell proliferative condition is a non-
tumor cancer, such as a hematopoietic cancer, for example.
The cell proliferative condition is macular degeneration in
some embodiments.

Provided also are methods for treating cancer or an inflam-
matory disorder in a subject in need of such treatment, com-
prising: administering to the subject a therapeutically effec-
tive amount of a therapeutic agent as described herein; and
administering to the subject a molecule that inhibits PARP or
CK2 in an amount that is effective to enhance a desired effect
of'the therapeutic agent. The therapeutic agent sometimes is a
compound of formula TA1-1, TA2, TA3-1, TA4-1, TAS5-1 or
TA6-1 as described herein, or a pharmaceutically acceptable
salt of one of these compounds. In certain embodiments, the
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mula L, IL II1, IV, V, VI, VI, VIIL, IX, X, XI or XII as described
herein, or a pharmaceutically acceptable salt thereof. In some
embodiments, the molecule that inhibits PARP or CK2 is a
known compound shown above, or a compound in one of the
Tables provided herein, or a pharmaceutically acceptable salt
of one of these compounds. In some embodiments, the
desired effect of the therapeutic agent that is enhanced by the
molecule that inhibits PARP or CK2 is a reduction in cell
proliferation. In certain embodiments, the desired effect of
the therapeutic agent that is enhanced by the molecule that
inhibits PARP or CK2 is an increase in apoptosis in at least
one type of cell. The therapeutic agent in certain embodi-
ments is:

Tz

or a pharmaceutically acceptable salt thereof, or a specific
isomer or mixture of isomers thereof. In some embodiments,
the therapeutic agent and the molecule that inhibits PARP or
CK2 are administered at substantially the same time. The
therapeutic agent and molecule that inhibits PARP or CK2
sometimes are used concurrently by the subject. The thera-
peutic agent and the molecule that inhibits PARP or CK2 are
combined into one pharmaceutical composition in certain
embodiments. Some embodiments are directed to a pharma-
ceutical composition comprising a therapeutic agent of any of
formulas TA1-1, TA2, TA3-1, TA4-1, TAS5-1 or TA6 admixed
with a molecule that inhibits PARP or CK2, or a pharmaceu-
tically acceptable salt thereof. In some pharmaceutical com-
positions, the molecule that inhibits PARP or CK2 is a PARP
inhibitor and is a known compound shown above, or is GPI
15427, GPI 16539. In some embodiments, the molecule that
inhibits PARP or CK2 is a compound of Formula I, IT, I1L, TV,
V, VI, VII, VIII, IX, X, XI or XII as described herein, or a
pharmaceutically acceptable salt thereof. In some embodi-
ments the therapeutic agent is a compound of formula TA2 or
a pharmaceutically acceptable salt thereof. A therapeutic
composition in certain embodiments comprises a therapeuti-
cally effective amount of a therapeutic agent of the formula
TA2:
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or a pharmaceutically acceptable salt thereof, or a specific
isomer or mixture of isomers thereof, admixed with an
amount of a PARP inhibitor or a pharmaceutically acceptable
salt of a PARP inhibitor, wherein the PARP inhibitor is
selected from the group consisting of GPI1 15427, GP1 16539,
and the known compounds shown above; and where the
amount of the PARP inhibitor or the pharmaceutically accept-
able salt of a PARP inhibitor is an amount that is effective to
enhance a desired effect of the therapeutic agent.

Also provided are compositions comprising a compound
described herein and an isolated protein. The protein some-
times is a CK2 protein, such as a CK2 protein comprising the
amino acid sequence of SEQ ID NO: 1, 2 or 3 or a substan-
tially identical variant thereof, for example. In some embodi-
ments, the protein is a PARP protein, such as a PARP protein
comprising the amino acid sequence of SEQ ID NO: 4 or a
substantially identical variant thereof, for example. Certain
compositions comprise a compound described herein in com-
bination with a cell. The cell may be from a cell line, such as
a cancer cell line. In the latter embodiments, the cancer cell
line is sometimes a breast cancer, prostate cancer, pancreatic
cancer, lung cancer, hemopoietic cancer, colorectal cancer,
skin cancer, ovary cancer cell line.

These and other embodiments of the invention are
described in the description that follows.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 depicts assay data showing inhibition of CK2 activ-
ity.

FIGS. 2A and 2B show mean plasma concentrations of
compounds described herein over time after intravenous and
oral administration to ICR mice.

FIGS. 3A and 3B show tumor volume over time and body
weight over time, respectively, in tumor-bearing xenograft
animals administered a compound described herein. FIGS.
3C and 3D illustrate effects of the compound on tumors in
individual animals.

FIGS. 4A and 4B show tumor volume over time and body
weight over time, respectively, in tumor-bearing xenograft
animals administered a compound described herein.

MODES OF CARRYING OUT THE INVENTION

Compounds of Formulae 1, 11, I1L, IV, V, VI, VII, VIII, IX,
X, XI, XII, XIII, XIV, XV and XVI can exert biological
activities that include, but are not limited to, inhibiting cell
proliferation, modulating protein kinase activity and modu-
lating polymerase activity. Compounds of such Formulae can
modulate CK2 activity and/or PARP activity, for example.
Such compounds therefore can be utilized in multiple appli-
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cations by a person of ordinary skill in the art. For example,
compounds described herein may find uses that include, but
are not limited to, (i) modulation of protein kinase activity
(e.g., CK2 activity), (ii) modulation of polymerase activity
(e.g., PARP activity), (iii) modulation of cell proliferation,
(iv) modulation of apoptosis, and (v) treatments of cell pro-
liferation related disorders (e.g., administration alone or co-
administration with another molecule).

“Optionally substituted” as used herein indicates that the
particular group or groups being described may have no non-
hydrogen substituents, or the group or groups may have one
or more non-hydrogen substituents. If not otherwise speci-
fied, the total number of such substituents that may be present
is equal to the number of H atoms present on the unsubstituted
form of the group being described. Where an optional sub-
stituent is attached via a double bond, such as a carbonyl
oxygen (—O), the group takes up two available valences, so
the total number of substituents that may be included is
reduced according to the number of available valences.

The compounds of the invention often have ionizable
groups so as to be capable of preparation as salts. In that case,
wherever reference is made to the compound, it is understood
in the art that a pharmaceutically acceptable salt may also be
used. These salts may be acid addition salts involving inor-
ganic or organic acids or the salts may, in the case of acidic
forms of the compounds of the invention be prepared from
inorganic or organic bases. Frequently, the compounds are
prepared or used as pharmaceutically acceptable salts pre-
pared as addition products of pharmaceutically acceptable
acids or bases. Suitable pharmaceutically acceptable acids
and bases are well-known in the art, such as hydrochloric,
sulphuric, hydrobromic, acetic, lactic, citric, or tartaric acids
for forming acid addition salts, and potassium hydroxide,
sodium hydroxide, ammonium hydroxide, caffeine, various
amines, and the like for forming basic salts. Methods for
preparation of the appropriate salts are well-established in the
art. In some cases, the compounds may contain both an acidic
and a basic functional group, in which case they may have two
ionized groups and yet have no net charge.

In some cases, the compounds of the invention contain one
or more chiral centers. The invention includes each of the
isolated stereoisomeric forms as well as mixtures of stereoi-
somers in varying degrees of chiral purity, including racemic
mixtures. It also encompasses the various diastereomers and
tautomers that can be formed. The compounds of the inven-
tion may also exist in more than one tautomeric form; the
depiction herein of one tautomer is for convenience only, and
is also understood to encompass other tautomers of the form
shown.

As used herein, the terms “alkyl,” “alkenyl” and “alkynyl”
include straight-chain, branched-chain and cyclic monova-
lent hydrocarbyl radicals, and combinations of these, which
contain only C and H when they are unsubstituted. Examples
include methyl, ethyl, isobutyl, cyclohexyl, cyclopentylethyl,
2-propenyl, 3-butynyl, and the like. The total number of car-
bon atoms in each such group is sometimes described herein,
e.g., when the group can contain up to ten carbon atoms it can
be represented as 1-10C or as C1-C10 or C1-10. When het-
eroatoms (N, O and S typically) are allowed to replace carbon
atoms as in heteroalkyl groups, for example, the numbers
describing the group, though still written as e.g. C1-C6, rep-
resent the sum of the number of carbon atoms in the group
plus the number of such heteroatoms that are included as
replacements for carbon atoms in the backbone of the ring or
chain being described.

Typically, the alkyl, alkenyl and alkynyl substituents of the
invention contain 1-10C (alkyl) or 2-10C (alkenyl or alkynyl).
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Preferably they contain 1-8C (alkyl) or 2-8C (alkenyl or alky-
nyl). Sometimes they contain 1-4C (alkyl) or 2-4C (alkenyl or
alkynyl). A single group can include more than one type of
multiple bond, or more than one multiple bond; such groups
are included within the definition of the term “alkenyl” when
they contain at least one carbon-carbon double bond, and are
included within the term “alkynyl” when they contain at least
one carbon-carbon triple bond.

Alkyl, alkenyl and alkynyl groups are often optionally
substituted to the extent that such substitution makes sense
chemically. Typical substituents include, but are not limited
to, halo, —O, —N—CN, —N—OR, —NR, OR, NR,, SR,
SO,R, SO,NR,,NRSO,R, NRCONR,, NRCOOR, NRCOR,
CN, C=CR, COOR, CONR,, OOCR, COR, and NO,,
wherein each R is independently H, C1-C8 alkyl, C2-C8
heteroalkyl, C1-C8 acyl, C2-C8 heteroacyl, C2-C8 alkenyl,
C2-C8 heteroalkenyl, C2-C8 alkynyl, C2-C8 heteroalkynyl,
C6-C10 aryl, or C5-C10 heteroaryl, and each R is optionally
substituted with halo, —0, —N-—CN, —N-—OR', —NR',
OR', NR',, SR', SO,R', SO,NR',, NR'SO,R', NR'CONR',,
NR'COOR', NR'COR', CN, C=CR', COOR', CONR',,
OOCR!, COR', and NO,, wherein each R" is independently H,
C1-C8 alkyl, C2-C8 heteroalkyl, C1-C8 acyl, C2-C8 heteroa-
cyl, C6-C10 aryl or C5-C10 heteroaryl. Alkyl, alkenyl and
alkynyl groups can also be substituted by C1-C8 acyl, C2-C8
heteroacyl, C6-C10 aryl or C5-C10 heteroaryl, each of which
can be substituted by the substituents that are appropriate for
the particular group.

“Acetylene” substituents are 2-10C alkynyl groups that are
optionally substituted, and are of the formula —C=C—R*“,
wherein R is H or C1-C8 alkyl, C2-C8 heteroalkyl, C2-C8
alkenyl, C2-C8 heteroalkenyl, C2-C8 alkynyl, C2-C8 het-
eroalkynyl, C1-C8 acyl, C2-C8 heteroacyl, C6-C10 aryl,
C5-C10 heteroaryl, C7-C12 arylalkyl, or C6-C12 heteroary-
lalkyl,

and each R” group is optionally substituted with one or

more substituents selected from halo, —0O, —N-—CN,
—N—OR', —NR/, OR', NR',, SR', SO,R', SO,NR',,
NR' SO,R', NR'CONR',, NR'COOR', NR' COR!, CN,
COOR!, CONR',, OOCR', COR', and NO,, wherein
each R is independently H, C1-C6 alkyl, C2-C6 het-
eroalkyl, C1-C6 acyl, C2-C6 heteroacyl, C6-C10 aryl,
C5-C10 heteroaryl, C7-12 arylalkyl, or C6-12 het-
eroarylalkyl, each of which is optionally substituted
with one or more groups selected from halo, C1-C4
alkyl, C1-C4 heteroalkyl, C1-C6 acyl, C1-C6 heteroa-
cyl, hydroxy, amino, and —O; and wherein two R* can
be linked to form a 3-7 membered ring optionally con-
taining up to three heteroatoms selected from N, O and
S. In some embodiments, R* of —C=C—R“is H or Me.

“Heteroalkyl”, “heteroalkenyl”, and “heteroalkynyl” and
the like are defined similarly to the corresponding hydrocar-
byl (alkyl, alkenyl and alkynyl) groups, but the ‘hetero’ terms
refer to groups that contain 1-3 O, S or N heteroatoms or
combinations thereof within the backbone residue; thus at
least one carbon atom of a corresponding alkyl, alkenyl, or
alkynyl group is replaced by one of the specified heteroatoms
to form a heteroalkyl, heteroalkenyl, or heteroalkynyl group.
The typical and preferred sizes for heteroforms of alkyl, alk-
enyl and alkynyl groups are generally the same as for the
corresponding hydrocarbyl groups, and the substituents that
may be present on the heteroforms are the same as those
described above for the hydrocarbyl groups. For reasons of
chemical stability, it is also understood that, unless otherwise
specified, such groups do not include more than two contigu-
ous heteroatoms except where an oxo group is present on N or
S as in a nitro or sulfonyl group.
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While “alkyl” as used herein includes cycloalkyl and
cycloalkylalkyl groups, the term “cycloalkyl” may be used
herein to describe a carbocyclic non-aromatic group that is
connected via a ring carbon atom, and “cycloalkylalkyl” may
be used to describe a carbocyclic non-aromatic group that is
connected to the molecule through an alkyl linker. Similarly,
“heterocyclyl” may be used to describe a non-aromatic cyclic
group that contains at least one heteroatom as a ring member
and that is connected to the molecule via a ring atom, which
may be C or N; and “heterocyclylalkyl” may be used to
describe such a group that is connected to another molecule
through a linker. The sizes and substituents that are suitable
for the cycloalkyl, cycloalkylalkyl, heterocyclyl, and hetero-
cyclylalkyl groups are the same as those described above for
alkyl groups. As used herein, these terms also include rings
that contain a double bond or two, as long as the ring is not
aromatic.

As used herein, “acyl” encompasses groups comprising an
alkyl, alkenyl, alkynyl, aryl or arylalkyl radical attached at
one of the two available valence positions of a carbonyl car-
bon atom, and heteroacyl refers to the corresponding groups
wherein at least one carbon other than the carbonyl carbon has
been replaced by a heteroatom chosen from N, O and S. Thus
heteroacyl includes, for example, —C(—O)OR and
—C(—O0)NR,, as well as —C(—O)— heteroaryl.

Acyl and heteroacyl groups are bonded to any group or
molecule to which they are attached through the open valence
of the carbonyl carbon atom. Typically, they are C1-C8 acyl
groups, which include formyl, acetyl, pivaloyl, and benzoyl,
and C2-C8 heteroacyl groups, which include methoxyacetyl,
ethoxycarbonyl, and 4-pyridinoyl. The hydrocarbyl groups,
aryl groups, and heteroforms of such groups that comprise an
acyl or heteroacyl group can be substituted with the substitu-
ents described herein as generally suitable substituents for
each of the corresponding component of the acyl or heteroa-
cyl group.

“Aromatic” moiety or “aryl” moiety refers to a monocyclic
or fused bicyclic moiety having the well-known characteris-
tics of aromaticity; examples include phenyl and naphthyl.
Similarly, “heteroaromatic” and “heteroaryl” refer to such
monocyclic or fused bicyclic ring systems which contain as
ring members one or more heteroatoms selected from O, S
and N. The inclusion of a heteroatom permits aromaticity in
5-membered rings as well as 6-membered rings. Typical het-
eroaromatic systems include monocyclic C5-C6 aromatic
groups such as pyridyl, pyrimidyl, pyrazinyl, thienyl, furanyl,
pyrrolyl, pyrazolyl, thiazolyl, oxazolyl, and imidazolyl and
the fused bicyclic moieties formed by fusing one of these
monocyclic groups with a phenyl ring or with any of the
heteroaromatic monocyclic groups to form a C8-C10 bicyclic
group such as indolyl, benzimidazolyl, indazolyl, benzotria-
zolyl, isoquinolyl, quinolyl, benzothiazolyl, benzofuranyl,
pyrazolopyridyl, quinazolinyl, quinoxalinyl, cinnolinyl, and
the like. Any monocyclic or fused ring bicyclic system which
has the characteristics of aromaticity in terms of electron
distribution throughout the ring system is included in this
definition. It also includes bicyclic groups where at least the
ring which is directly attached to the remainder of the mol-
ecule has the characteristics of aromaticity. Typically, the ring
systems contain 5-12 ring member atoms. Preferably the
monocyclic heteroaryls contain 5-6 ring members, and the
bicyclic heteroaryls contain 8-10 ring members.

Aryl and heteroaryl moieties may be substituted with a
variety of substituents including C1-C8 alkyl, C2-C8 alkenyl,
C2-C8 alkynyl, C5-C12 aryl, C1-C8 acyl, and heteroforms of
these, each of which can itself be further substituted; other
substituents for aryl and heteroaryl moieties include halo,
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OR, NR,, SR, SO,R, SO,NR,, NRSO,R, NRCONR,,
NRCOOR, NRCOR, CN, C=CR, COOR, CONR,, OOCR,
COR, and NO,, wherein each R is independently H, C1-C8
alkyl, C2-C8 heteroalkyl, C2-C8 alkenyl, C2-C8 heteroalk-
enyl, C2-C8 alkynyl, C2-C8 heteroalkynyl, C6-C10 aryl,
C5-C10 heteroaryl, C7-C12 arylalkyl, or C6-C12 heteroary-
lalkyl, and each R is optionally substituted as described above
for alkyl groups. The substituent groups on an aryl or het-
eroaryl group may of course be further substituted with the
groups described herein as suitable for each type of such
substituents or for each component of the substituent. Thus,
for example, an arylalkyl substituent may be substituted on
the aryl portion with substituents described herein as typical
for aryl groups, and it may be further substituted on the alkyl
portion with substituents described herein as typical or suit-
able for alkyl groups.

Similarly, “arylalkyl” and “heteroarylalkyl” refer to aro-
matic and heteroaromatic ring systems which are bonded to
their attachment point through a linking group such as an
alkylene, including substituted or unsubstituted, saturated or
unsaturated, cyclic or acyclic linkers. Typically the linker is
C1-C8 alkyl or a hetero form thereof. These linkers may also
include a carbonyl group, thus making them able to provide
substituents as an acyl or heteroacyl moiety. An aryl or het-
eroaryl ring in an arylalkyl or heteroarylalkyl group may be
substituted with the same substituents described above for
aryl groups. Preferably, an arylalkyl group includes a phenyl
ring optionally substituted with the groups defined above for
aryl groups and a C1-C4 alkylene that is unsubstituted or is
substituted with one or two C1-C4 alky] groups or heteroalkyl
groups, where the alkyl or heteroalkyl groups can optionally
cyclize to form a ring such as cyclopropane, dioxolane, or
oxacyclopentane. Similarly, a heteroarylalkyl group prefer-
ably includes a C5-C6 monocyclic heteroaryl group that is
optionally substituted with the groups described above as
substituents typical on aryl groups and a C1-C4 alkylene that
is unsubstituted or is substituted with one or two C1-C4 alkyl
groups or heteroalkyl groups, or it includes an optionally
substituted phenyl ring or C5-C6 monocyclic heteroaryl and
a C1-C4 heteroalkylene that is unsubstituted or is substituted
with one or two C1-C4 alky] or heteroalkyl groups, where the
alkyl or heteroalkyl groups can optionally cyclize to form a
ring such as cyclopropane, dioxolane, or oxacyclopentane.

Where an arylalkyl or heteroarylalkyl group is described as
optionally substituted, the substituents may be on either the
alkyl or heteroalkyl portion or on the aryl or heteroaryl por-
tion of the group. The substituents optionally present on the
alkyl or heteroalkyl portion are the same as those described
above for alkyl groups generally; the substituents optionally
present on the aryl or heteroaryl portion are the same as those
described above for aryl groups generally.

“Arylalkyl” groups as used herein are hydrocarbyl groups
if they are unsubstituted, and are described by the total num-
ber of carbon atoms in the ring and alkylene or similar linker.
Thus a benzyl group is a C7-arylalkyl group, and phenylethyl
is a C8-arylalkyl.

“Heteroarylalkyl” as described above refers to a moiety
comprising an aryl group that is attached through a linking
group, and differs from “arylalkyl” in that at least one ring
atom of the aryl moiety or one atom in the linking group is a
heteroatom selected from N, O and S. The heteroarylalkyl
groups are described herein according to the total number of
atoms in the ring and linker combined, and they include aryl
groups linked through a heteroalkyl linker; heteroaryl groups
linked through a hydrocarbyl linker such as an alkylene; and
heteroaryl groups linked through a heteroalkyl linker. Thus,
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for example, C7-heteroarylalkyl would include pyridylm-
ethyl, phenoxy, and N-pyrrolylmethoxy.

“Alkylene” as used herein refers to a divalent hydrocarbyl
group; because it is divalent, it can link two other groups
together. Typically it refers to —(CH,),— where n is 1-8 and
preferably n is 1-4, though where specified, an alkylene can
also be substituted by other groups, and can be of other
lengths, and the open valences need not be at opposite ends of
a chain. Thus —CH(Me)— and —C(Me),- may also be
referred to as alkylenes, as can a cyclic group such as cyclo-
propan-1,1-diyl. Where an alkylene group is substituted, the
substituents include those typically present on alkyl groups as
described herein.

In general, any alkyl, alkenyl, alkynyl, acyl, or aryl or
arylalkyl group or any heteroform of one of these groups that
is contained in a substituent may itself optionally be substi-
tuted by additional substituents. The nature of these substitu-
ents is similar to those recited with regard to the primary
substituents themselves if the substituents are not otherwise
described. Thus, where an embodiment of, for example, R” is
alkyl, this alkyl may optionally be substituted by the remain-
ing substituents listed as embodiments for R’ where this
makes chemical sense, and where this does not undermine the
size limit provided for the alkyl per se; e.g., alkyl substituted
by alkyl or by alkenyl would simply extend the upper limit of
carbon atoms for these embodiments, and is not included.
However, alkyl substituted by aryl, amino, alkoxy, —O, and
the like would be included within the scope of the invention,
and the atoms of these substituent groups are not counted in
the number used to describe the alkyl, alkenyl, etc. group that
is being described. Where no number of substituents is speci-
fied, each such alkyl, alkenyl, alkynyl, acyl, or aryl group may
be substituted with a number of substituents according to its
available valences; in particular, any of these groups may be
substituted with fluorine atoms at any or all of its available
valences, for example.

“Heteroform” as used herein refers to a derivative of a
group such as an alkyl, aryl, or acyl, wherein at least one
carbon atom of the designated carbocyclic group has been
replaced by a heteroatom selected from N, O and S. Thus the
heteroforms of alkyl, alkenyl, alkynyl, acyl, aryl, and aryla-
lkyl are heteroalkyl, heteroalkenyl, heteroalkynyl, heteroa-
cyl, heteroaryl, and heteroarylalkyl, respectively. It is under-
stood that no more than two N, O or S atoms are ordinarily
connected sequentially, except where an oxo group is
attached to N or S to form a nitro or sulfonyl group.

“Halo”, as used herein includes fluoro, chloro, bromo and
iodo. Fluoro and chloro are often preferred.

“Amino” as used herein refers to NH,, but where an amino
is described as “substituted” or “optionally substituted”, the
term includes NR,R" wherein each R and R" is indepen-
dently H, or is an alkyl, alkenyl, alkynyl, acyl, aryl, or aryla-
Ikyl group or a heteroform of one of these groups, and each of
the alkyl, alkenyl, alkynyl, acyl, aryl, or arylalkyl groups or
heteroforms of one of these groups is optionally substituted
with the substituents described herein as suitable for the cor-
responding group. The term also includes forms wherein R*
and R" are linked together to form a 3-8 membered ring which
may be saturated, unsaturated or aromatic and which contains
1-3 heteroatoms independently selected from N, O and S as
ring members, and which is optionally substituted with the
substituents described as suitable for alkyl groups or, if
NR;R" is an aromatic group, it is optionally substituted with
the substituents described as typical for heteroaryl groups.

As used herein, the term “carbocycle” refers to a cyclic
compound containing only carbon atoms in the ring, whereas
a “heterocycle” refers to a cyclic compound comprising a
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heteroatom. The carbocyclic and heterocyclic structures
encompass compounds having monocyclic, bicyclic or mul-
tiple ring systems.

As used herein, the term “heteroatom” refers to any atom
that is not carbon or hydrogen, such as nitrogen, oxygen or
sulfur.

Tlustrative examples of heterocycles include but are not
limited to tetrahydrofuran, 1,3 dioxolane, 2,3 dihydrofuran,
pyran, tetrahydropyran, benzofuran, isobenzofuran, 1,3 dihy-
dro isobenzofuran, isoxazole, 4,5 dihydroisoxazole, piperi-
dine, pyrrolidine, pyrrolidin 2 one, pyrrole, pyridine, pyrimi-
dine, octahydro pyrrolo[3,4 b]pyridine, piperazine, pyrazine,
morpholine, thiomorpholine, imidazole, imidazolidine 2.4
dione, 1,3 dihydrobenzimidazol 2 one, indole, thiazole, ben-
zothiazole, thiadiazole, thiophene, tetrahydro thiophene 1,1
dioxide, diazepine, triazole, guanidine, diazabicyclo[2.2.1]
heptane, 2,5 diazabicyclo[2.2.1]heptane, 2,3.4,4a,9,9a
hexahydro 1H p carboline, oxirane, oxetane, tetrahydropy-
ran, dioxane, lactones, aziridine, azetidine, piperidine, lac-
tams, and may also encompass heteroaryls. Other illustrative
examples of heteroaryls include but are not limited to furan,
pyrrole, pyridine, pyrimidine, imidazole, benzimidazole and
triazole.

As used herein, the term “inorganic substituent” refers to
substituents that do not contain carbon or contain carbon
bound to elements other than hydrogen (e.g., elemental car-
bon, carbon monoxide, carbon dioxide, and carbonate).
Examples of inorganic substituents include but are not limited
to nitro, halogen, azido, cyano, sulfonyls, sulfinyls, sul-
fonates, phosphates, etc.

The terms “treat” and “treating” as used herein refer to
ameliorating, alleviating, lessening, and removing symptoms
of'adisease or condition. A candidate molecule or compound
described herein may be in a therapeutically effective amount
in a formulation or medicament, which is an amount that can
lead to a biological effect, such as apoptosis of certain cells
(e.g., cancer cells), reduction of proliferation of certain cells,
or lead to ameliorating, alleviating, lessening, or removing
symptoms of a disease or condition, for example. The terms
also can refer to reducing or stopping a cell proliferation rate
(e.g., slowing or halting tumor growth) or reducing the num-
ber of proliferating cancer cells (e.g., removing part or all of
atumor). These terms also are applicable to reducing a titre of
a microorganism in a system (i.e., cell, tissue, or subject)
infected with a microorganism, reducing the rate of microbial
propagation, reducing the number of symptoms or an effect of
a symptom associated with the microbial infection, and/or
removing detectable amounts of the microbe from the system.
Examples of microorganism include but are not limited to
virus, bacterium and fungus.

As used herein, the term “apoptosis” refers to an intrinsic
cell self-destruction or suicide program. In response to a
triggering stimulus, cells undergo a cascade of events includ-
ing cell shrinkage, blebbing of cell membranes and chromatic
condensation and fragmentation. These events culminate in
cell conversion to clusters of membrane-bound particles
(apoptotic bodies), which are thereafter engulfed by mac-
rophages.

The invention in part provides pharmaceutical composi-
tions comprising at least one compound within the scope of
the invention as described herein, and methods of using com-
pounds described herein. For example, the invention in part
provides methods for identifying a candidate molecule that
interacts with a CK2 or PARP protein, which comprises con-
tacting a composition containing a CK2 or PARP protein and
a molecule described herein with a candidate molecule and
determining whether the amount of the molecule described
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herein that interacts with the protein is modulated, whereby a
candidate molecule that modulates the amount of the mol-
ecule described herein that interacts with the protein is iden-
tified as a candidate molecule that interacts with the protein.

Also provided are methods for modulating the activity of a
CK2 protein or PARP protein, which comprises contacting a
system comprising the protein with a compound described
herein in an amount effective for modulating (e.g., inhibiting)
the activity of the protein. The system in such embodiments
can be a cell-free system or a system comprising cells. Also
provided are methods for reducing cell proliferation, and
optionally inducing apoptosis, which comprises contacting
cells with a compound described herein in an amount effec-
tive to reduce proliferation of the cells. The cells in such
embodiments can be in a cell line, in a tissue or in a subject
(e.g., a research animal or human). In related embodiments,
provided are compositions comprising a compound described
herein in combination with a protein or cell, such as an iso-
lated protein (e.g., isolated CK2 or other serine-threonine
protein kinase protein or PARP protein) or a cell in a cell line
(e.g., HCT-116 cell line).

Provided also are methods for modulating a serine-threo-
nine protein kinase activity. Serine-threonine protein kinases
catalyze the transfer of a gamma phosphate from adenosine
triphosphate to a serine or threonine amino acid in a peptide or
protein substrate. Thus, included herein are methods which
comprise contacting a system comprising a serine-threonine
protein kinase protein with a compound described herein in
an amount effective for modulating (e.g., inhibiting) the
activity of the protein. In some embodiments, the activity of
the serine-threonine protein kinase is the catalytic activity of
the protein (e.g., catalyzing the transfer of a gamma phos-
phate from adenosine triphosphate to a peptide or protein
substrate). In certain embodiments, provided are methods for
identifying a candidate molecule that interacts with a serine-
threonine protein kinase, which comprise: contacting a com-
position containing a serine-threonine protein kinase and a
compound described herein with a candidate molecule under
conditions in which the compound and the protein interact,
and determining whether the amount of the compound that
interacts with the protein is modulated relative to a control
interaction between the compound and the protein without
the candidate molecule, whereby a candidate molecule that
modulates the amount of the compound interacting with the
protein relative to the control interaction is identified as a
candidate molecule that interacts with the protein. Systems in
such embodiments can be a cell-free system or a system
comprising cells (e.g., in vitro). The protein, the compound or
the molecule in some embodiments is in association with a
solid phase. In certain embodiments, the interaction between
the compound and the protein is detected via a detectable
label, where in some embodiments the protein comprises a
detectable label and in certain embodiments the compound
comprises a detectable label. The interaction between the
compound and the protein sometimes is detected without a
detectable label.

The serine-threonine protein kinase can be from any
source, such as a mammal, ape or human, for example.
Examples of serine-threonine protein kinases that can be
inhibited by compounds disclosed herein include without
limitation human versions of CK2, CK2a2, Pim-1, CDK1/
cyclinB, ¢-RAF, Mer, MELK, DYRK2, F1t3, Flt3 (D835Y),
Flt4, HTPK3, HTPK2, ZIPK and ZIPK. A serine-threonine
protein kinase sometimes is a member of a sub-family con-
taining one or more of the following amino acids at positions
corresponding to those listed in human CK2: leucine at posi-
tion 45, methionine at position 163 and isoleucine at position



US 9,062,043 B2

27
174. Examples of such protein kinases include without limi-
tation human versions of CK2, STK10, HIPK2, HIPK3,
DAPK3, DYK2 and PIM-1. Nucleotide and amino acid
sequences for serine-threonine protein kinases and reagents
are publicly available (e.g., World Wide Web URLs ncbi.n-
Im.nih.gov/sites/entrez/ and Invitrogen.com).

The invention also in part provides methods for treating a
condition related to aberrant cell proliferation. For example,
provided are methods of treating a cell proliferative condition
in a subject, which comprises administering a compound
described herein to a subject in need thereof in an amount
effective to treat the cell proliferative condition. The subject
may be a research animal (e.g., rodent, dog, cat, monkey),
optionally containing a tumor such as a xenograft tumor (e.g.,
human tumor), for example, or may be a human. A cell
proliferative condition sometimes is a tumor or non-tumor
cancer, including but not limited to, cancers of the colorec-
tum, breast, lung, liver, pancreas, lymph node, colon, pros-
tate, brain, head and neck, skin, liver, kidney, blood and heart
(e.g., leukemia, lymphoma, carcinoma).

Also provided are methods for treating a condition related
to inflammation or pain. For example, provided are methods
of treating pain in a subject, which comprise administering a
compound described herein to a subject in need thereof in an
amount effective to treat the pain. Provided also are methods
of treating inflammation in a subject, which comprises
administering a compound described herein to a subject in
need thereofin an amount effective to treat the inflammation.
The subject may be a research animal (e.g., rodent, dog, cat,
monkey), for example, or may be a human. Conditions asso-
ciated with inflammation and pain include without limitation
acid reflux, heartburn, acne, allergies and sensitivities, Alzhe-
imer’s disease, asthma, atherosclerosis, bronchitis, carditis,
celiac disease, chronic pain, Crohn’s disease, cirrhosis, coli-
tis, dementia, dermatitis, diabetes, dry eyes, edema, emphy-
sema, eczema, fibromyalgia, gastroenteritis, gingivitis, heart
disease, hepatitis, high blood pressure, insulin resistance,
interstitial cystitis, joint pain/arthritis/theumatoid arthritis,
metabolic syndrome (syndrome X), myositis, nephritis, obe-
sity, osteopenia, osteoporosis, Parkinson’s disease, periodon-
tal disease, polyarteritis, polychondritis, psoriasis, sclero-
derma, sinusitis, Sjogren’s syndrome, spastic colon, systemic
candidiasis, tendonitis, urinary track infections, vaginitis,
inflammatory cancer (e.g., inflammatory breast cancer) and
the like. Methods for determining effects of compounds
herein on pain or inflammation are known. For example,
formalin-stimulated pain behaviors in research animals can
be monitored after administration of a compound described
herein to assess treatment of pain (e.g., Li et al., Pain 115(1-
2): 182-90 (2005)). Also, modulation of pro-inflammatory
molecules (e.g., IL-8, GRO-alpha, MCP-1, TNFalpha and
iNOS) can be monitored after administration of a compound
described herein to assess treatment of inflammation (e.g.,
Parhar et al., Int J Colorectal Dis. 22(6): 601-9 (2006)), for
example. Thus, also provided are methods for determining
whether a compound herein reduces inflammation or pain,
which comprise contacting a system with a compound
described herein in an amount effective for modulating (e.g.,
inhibiting) the activity of a pain signal or inflammation signal.
Provided also are methods for identifying a compound that
reduces inflammation or pain, which comprise: contacting a
system with a compound of Formula I, 11, II1, IV, V, VI, VII,
VIII, IX, X, X1, XII, XIII, XIV, XV or XVI; and detecting a
pain signal or inflammation signal, whereby a compound that
modulates the pain signal relative to a control molecule is
identified as a compound that reduces inflammation of pain.
Non-limiting examples of pain signals are formalin-stimu-
lated pain behaviors and examples of inflammation signals
include without limitation a level of a pro-inflammatory mol-
ecule.
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The invention also in part pertains to methods for modu-
lating angiogenesis in a subject, and methods for treating a
condition associated with aberrant angiogenesis in a subject.
Thus, provided are methods for determining whether a com-
pound herein modulates angiogenesis, which comprise con-
tacting a system with a compound described herein in an
amount effective for modulating (e.g., inhibiting) angiogen-
esis or a signal associated with angiogenesis. Signals associ-
ated with angiogenesis are levels of a pro-angiogenesis
growth factor such as VEGF. Methods for assessing modula-
tion of angiogenesis also are known, such as analyzing human
endothelial tube formation (BD BioCoat™ Angiogenesis
System from BD Biosciences). Provided also are methods for
identifying a compound that modulates angiogenesis, which
comprise contacting a system with a compound of Formula I,
10, 111, IV, V, V1, VII, VIII, IX, X, XI, XII, XIII, X1V, XV or
XVI; and detecting angiogenesis in the system or an angio-
genesis signal, whereby a compound that modulates the
angiogenesis or angiogenesis signal relative to a control mol-
ecule is identified as a compound that modulates angiogen-
esis. Also provided are methods for treating an angiogenesis
condition, which comprise administering a compound
described herein to a subject in need thereof in an amount
effective to treat the angiogenesis condition. Angiogenesis
conditions include without limitation solid tumor cancers,
varicose disease and the like.

Any suitable formulation of a compound described above
can be prepared for administration. Any suitable route of
administration may be used, including, but not limited to,
oral, parenteral, intravenous, intramuscular, transdermal,
topical and subcutaneous routes. Depending on the subject to
be treated, the mode of administration, and the type of treat-
ment desired—e.g., prevention, prophylaxis, therapy; the
compounds are formulated in ways consonant with these
parameters. Preparation of suitable formulations for each
route of administration are known in the art. A summary of
such formulation methods and techniques is found in Rem-
ington’s Pharmaceutical Sciences, latest edition, Mack Pub-
lishing Co., Easton, Pa., which is incorporated herein by
reference. The formulation of each substance or of the com-
bination of two substances will generally include a diluent as
well as, in some cases, adjuvants, buffers, preservatives and
the like. The substances to be administered can be adminis-
tered also in liposomal compositions or as microemulsions.

For injection, formulations can be prepared in conventional
forms as liquid solutions or suspensions or as solid forms
suitable for solution or suspension in liquid prior to injection
or as emulsions. Suitable excipients include, for example,
water, saline, dextrose, glycerol and the like. Such composi-
tions may also contain amounts of nontoxic auxiliary sub-
stances such as wetting or emulsifying agents, pH buffering
agents and the like, such as, for example, sodium acetate,
sorbitan monolaurate, and so forth.

Various sustained release systems for drugs have also been
devised, and can be applied to compounds of the invention.
See, for example, U.S. Pat. No. 5,624,677, the methods of
which are incorporated herein by reference.

Systemic administration may also include relatively non-
invasive methods such as the use of suppositories, transder-
mal patches, transmucosal delivery and intranasal adminis-
tration. Oral administration is also suitable for compounds of
the invention. Suitable forms include syrups, capsules, tab-
lets, as is understood in the art.

For administration to animal or human subjects, the appro-
priate dosage of the a compound described above often is
0.01-15 mg/kg, and sometimes 0.1-10 mg/kg. Dosage levels
are dependent on the nature of the condition, drug efficacy, the
condition of the patient, the judgment of the practitioner, and
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the frequency and mode of administration; however, optimi-
zation of such parameters is within the ordinary level of skill
in the art.

Therapeutic Combinations

The invention provides methods to treat conditions such as
cancer and inflammation by administering to a subject in need
of such treatment a therapeutically effective amount of a
therapeutic agent that binds to certain DNA segments and
administering to the same subject a PARP or CK2 modulator
in an amount that is effective to enhance the activity of the
therapeutic agent. A PARP or CK2 modulator is an agent that
inhibits or enhances a biological activity of a PARP protein or
a CK2 protein, and is generically referred to hereafter as a
“modulator.” The therapeutic agent and the modulator may be
administered together, either as separate pharmaceutical
compositions or admixed in a single pharmaceutical compo-
sition. The therapeutic agent and the modulator may also be
administered separately, including at different times and with
different frequencies, as long as the modulator is adminis-
tered at a time that increases the potency of the therapeutic
agent. The modulator may be administered by any known
route, such as orally, intravenously, intramuscularly, nasally,
and the like; and the therapeutic agent may also be adminis-
tered by any conventional route. In many embodiments, at
least one and optionally both of the modulator and the thera-
peutic agent may be administered orally.

In some embodiments, the modulator and the therapeutic
agent are administered at the same time, whether in separate
dosages or admixed in a single dosage. Where the frequency
of administration of the two materials can be adjusted to
match, the modulator and therapeutic agent are preferably
combined into a single pharmaceutical composition, so the
treated patient may receive a single oral dosage or a single
injection, for example.

The amount of each of these materials to be administered
will vary with the route of administration, the condition of the
subject, other treatments being administered to the subject,
and other parameters. The therapeutic agents of the invention
may, of course, cause multiple desired effects; and the amount
of modulator to be used in combination with the therapeutic
agent should be an amount that increases one or more of these
desired effects. The modulator is to be administered in an
amount that is effective to enhance a desired effect of the
therapeutic agent. An amount is “effective to enhance a
desired effect of the therapeutic agent”, as used herein, if it
increases by at least about 25% at least one of the desired
effects of the therapeutic agent alone. Preferably, it is an
amount that increases a desired effect of the therapeutic agent
by at least 50% or by at least 100% (i.e., it doubles the
effective activity of the therapeutic agent.) In some embodi-
ments, it is an amount that increases a desired effect of the
therapeutic agent by at least 200%.

The amount of a modulator that increases a desired effect
of'a therapeutic agent may be determined using in vitro meth-
ods, such as cell proliferation assays. The therapeutic agents
of the invention are useful to counter hyperproliferative dis-
orders such as cancer, thus they reduce cell proliferation.
Thus, for example, a suitable amount of a modulator could be
the amount needed to enhance an antiproliferative effect of'a
therapeutic agent by at least 25% as determined in a cell
proliferation assay.

The modulator used in the present invention enhances at
least one desired effect produced by the therapeutic agent it is
used with, thus the combinations of the invention provide a
synergistic effect, not merely an additive effect. The modu-
lators themselves are at times useful for treating the same
types of conditions, and thus may also have some direct effect
in such assays. In that event, the “amount effective to increase
a desired effect” must be a synergistic enhancement of the
activity of the therapeutic agent that is attributable to
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enhancement by the modulator of an effect of the therapeutic
agent, rather than a simple additive effect that would be
expected with separate administration of the two materials. In
many cases, the modulator can be used in an amount (con-
centration) that would not be expected to have any apparent
effect on the treated subject or the in vitro assay, so the
increased effect achieved with the combination is directly
attributable to a synergistic effect.

The present invention includes methods and compositions
for treating a patient having a cell proliferation disorder or an
inflammatory disorder with a therapeutic agent as described
herein, and a “modulator” described above, where the timing
of administration of the modulator permits it to enhance a
desired effect of the therapeutic agent.

Modulators of PARP and CK2 are known. Inhibitors of
PARP are well known in the art, and some have been shown to
potentiate the activity of other drugs for certain uses. For
example, it has been reported that treating a carcinoma cell
colony with a PARP inhibitor at a concentration that had no
substantial growth inhibition or cellular toxicity alone
increased the activity of cytotoxic agents temozolomide and
topotecan substantially. C. R. Calabrese, et al., Clin. Cancer
Res.,vol. 9,2711-18 (July 2003). This effect is believed to be
related to the role PARP plays in DNA repair: because PARP
promotes repair of damaged DNA, it is thought to increase the
effects of compounds that act by damaging DNA. These
include compounds that alkylate DNA, which may include
temozolomide, and topoisomerase inhibitors such as topote-
can. Id.

The present invention relates to the use of a “modulator” as
described above in combination with a therapeutic agent that
can act by binding to regions of DNA that can form certain
quadruplex structures; the therapeutic agents have anticancer
activity on their own, but their activity is enhanced when they
are used in combination with a modulator. This synergistic
effect allows the therapeutic agent to be administered in a
lower dosage while achieving equivalent or higher levels of at
least one desired effect.

The therapeutic agents of the invention are compounds that
bind to certain motifs in nucleic acids. The therapeutic agent
to be used can be selected from several different classes of
compounds, such as those that bind to quadruplex-forming
regions of DNA. The therapeutic agents are useful for the
treatment of cancer and other indications such as inflamma-
tory disorders, and methods for making and using them are
known in the art. Several preferred classes of these therapeu-
tic agents are described below. Each class of therapeutic
agents can be used in combination with any active PARP
inhibitor, including but not limited to those disclosed herein.

In one aspect, the therapeutic agent can be a compound of
formula (TA1-1):

(TAI-1)

RS

and pharmaceutically acceptable salts, esters and prodrugs
thereof;

wherein V is H, halo, or NR'R?;

A is H, fluoro, or NR*',;
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Zis O, S,NR' or CH,; -continued
Uis OR? or NR'R?;
X is OR?, NR'R?, halo, azido, or SR?;
nis 1-3; s
wherein in NR'R?, R' and R* may form a double bond or a
ring, each of which is optionally substituted;
R'isHoraC,_,alkyl;
R*isHoraC,_,alkyl or C,_, alkenyl optionally contain- |
ing one or more non-adjacent heteroatoms selected from 10 N \ N \
N, O, and S, and optionally substituted with a carbocy- RS RS
clic or heterocyclic ring; or R? is an optionally substi-
tuted heterocyclic ring, aryl or heteroaryl;
R® is a substituent at any position on W; and is H, OR?,C
alkyl, C,_¢ alkenyl, each optionally substituted by halo, 15 . .
—O or one or more heteroatoms; or R® is an inorganic (_2\ 5 (_2\ 5
: i - Q -~ Q
substituent; and O ]
W is an optionally substituted aryl or heteroaryl, which --&Q3 --&/Q3
may be monocyclic or fused with a single or multiple N s N s
ring and optionally containing a heteroatom; 20
or a compound having formula (TA1-2): .
Q
TA1-2 @
v 0 0 ( ) Pl \(|2
-=\Q
25 >
A N\R5 P N
| U RS
X N
30 N
z>< ?
- N
W X
\ Q RS
whereinV, A, X, Z and U are as defined in formula TA1-1, 35 X 1|\1
and W is selected from the group consisting of Z RS
40 Q
R 0
x | S YRS \>
| Z z N Z YRS
X N"\ AKX 45
RS RS RS O
x
.
50 v z s
®
(€]
O
7 | Z \R5 55
x
N \RS |
<
Y /\R5
A X 60 /Q>
/
X X \ é’\ R
R R
Y
65
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-continued

e}

10

E} D
15 \Q

20 wherein Q, Q', Q% and Q? are independently CH or N;
Y is independently O, CH, —O or NR'; and
R? is as defined in formula 1.
Compounds of this structure, and methods for making and
using them, are described in U.S. patent application Ser. No.
25 11/106,909, to Whitten, et al., which is entitled SUBSTI-
TUTED QUINOBENZOXAZINE ANALOGS AND
METHODS OF USING THEREOF, and was filed on Apr. 15,
2005.
In a specific embodiment of the therapeutic agents of for-
mula (TA1-1), the therapeutic agent is a compound having
formula (TA1-1A):

30

35

{J

or a pharmaceutically acceptable salt, esters or prodrug
thereof, or a specific isomer or mixture of isomers thereof.

In another aspect, the therapeutic agent of the combina-
tions of the invention is a compound of this formula:

(TA3-1)
55 Y 0 0

A
U

65
and pharmaceutically acceptable salts, esters and prodrugs
thereof;
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wherein V is H, halo, or NR'R?; -continued
A is H, fluoro, or NR’,;
Zis O, S,NR' or CH,; AN AN
Uis OR? or NR,R?; 5
. . X X
X is OR?, NR'R?, halo, azido, or SR?; RS S
nis 1-3;
wherein in NR,R?, R' and R may form a double bond or a
ring, each of which is optionally substituted; 10
R'isHoraC,_,alkyl;
R*isHoraC,_,alkyl or C,_, alkenyl optionally contain-
ing one or more non-adjacent heteroatoms selected from
N, O, and S, and optionally substituted with a carbocy- 15
clic or heterocyclic ring; or R? is an optionally substi-
tuted heterocyclic ring, aryl or heteroaryl; | |
R® is a substituent at any position on W; and is H, OR?,C N ] X ;
alkyl, C,_¢ alkenyl, each optionally substituted by halo, - R R
—O or one or more heteroatoms; or R® is an inorganic
substituent; and
W is an optionally s.ubstituted aryl or heteroaryl, Which QL . QL .
may be monocyclic or fused with a single or multiple ~Q ™ ?
ring and optionally containing a heteroatom; 25 _\: @ \'/ @
or a compound having formula (TA3-2) N s Ns
(.Qj\Qz
Y i i 30 3 g
A A |
U N\RS e
| ¥
X N
35
z?<
v q g
40 | |
P eN /\”N
R R
wherein V, A, X, Z and U are as defined in formula 1, and
W is selected from the group consisting of
45
B
N Q
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wherein Q, Q', Q? and Q° are 1ndependently CH or N;

Y is 1ndependently 0O, CH, =0 or NR*; and

R? is as defined in formula 1.

The preparation and activity of these compounds of for-
mula (TA3-1) are described in U.S. Patent Application Ser.
No. 60/811,992, filed Jun. 8, 2006, to Nagasawa, et al.,
entitled QUINOLONE ANALOGS DERIVATIZED WITH
SULFONIC ACID, SULFONATE OR SULFONAMIDE.

In another aspect, the therapeutic agent of the combina-
tions of the invention is a compound of this formula:

(TA4-1)

®R),

and pharmaceutically acceptable salts, esters and prodrugs
thereof;

wherein B, X, A, orV is absent if 7%, 7>, or Z* respectlvelg
is N, and 1ndependently H, halo, azido, R2, CH,R? SR
OR or NR'R? if 72,73 or 7* respectlvely, is C or

AandV,Aand X, or X and B may form a carbocychc ring,
heterocyclic ring, aryl or heteroaryl, each of which may
be optionally substituted and/or fused with a cyclic ring;

7 is O, S, NR*, CH,, or C=0;

7, 22 7% and 7* are C or N provided any two N are
non- adJacent

W together with N and Z forms an optionally substituted 5-
or 6-membered ring that is fused to an optionally sub-
stituted saturated or unsaturated ring; said saturated or
unsaturated ring may contain a heteroatom and is mono-
cyclic or fused with a single or multiple carbocyclic or
heterocyclic rings;

U is R?, OR? NR,R?* NR'-—(CR',),—NR’R*, or
N=CR'R? wherein in N—=CR'R*R"' and R? together
with C may form a ring,
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provided U is not H, and when U is OH, OR? or NH,, then
at least one of Z-Z*is N;
in each NR,R?, R! and R? together with N may form an
optionally substituted ring;
in NR’R*, R? and R* together with N may form an option-
ally substituted ring; R and R? are independently H or
Cy.salkyl;
eachR?isH, ora C,_,, alkyl or C,_,, alkenyl each option-
ally substituted with a halogen, one or more non-adja-
cent heteroatoms, a carbocyclic ring, a heterocyclic ring,
an aryl or heteroaryl, wherein each ring is optionally
substituted; or R? is an optionally substituted carbocy-
clic ring, heterocyclic ring, aryl or heteroaryl;
R*isH,aC,_ ,,alkyl orC,_,, alkenyl optionally containing
one or more non-adjacent heteroatoms selected from N, O
and S, and optionally substituted with a carbocyclic or het-
erocyclic ring; or R® and R* together with N may form an
optionally substituted ring;

each R” is a substituent at any position on ring W; and is H,
OR?, amino, alkoxy, amido, halogen, cyano or an inor-
ganic substituent; or R® is C,_, alkyl, C, ¢ alkenyl, C,_4
alkynyl, —CONHR', each optionally substituted by
halo, carbonyl or one or more non-adjacent heteroatoms;
or two adjacent R® are linked to obtain a 5-6 membered
optionally substituted carbocyclic or heterocyclic ring
that may be fused to an additional optionally substituted
carbocyclic or heterocyclic ring; and

nis 1-6.
In the above formula (TA4-1), B may be absent when Z* is
N, or is H or a halogen when Z' is C.

In the above formula (TA4-1), W together with N and Z
forms an optionally substituted 5- or 6-membered ring that is
fused to an optionally substituted aryl or heteroaryl selected
from the group consisting of:
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N
| P =Q
R3),

and

wherein each Q, Q', Q?, and Q? is independently CH or N;
Y is independently O, CH, C=0 or NR';

n and R® is as defined above.

In other embodiments, W together with N and Z form a

group having the formula selected from the group consisting
of

N&{ | s and
5
o (8,
}iiz
| s
ZS
®9),

wherein Z is O, S, CR', NR', or C=0;

each Z° is CR%, NR', or C=0, provided Z and 7’ if adjacent
are not both NR';

eachR' is H, C, g alkyl, COR? or S(O)pR2 wherein p is 1-2;

R® is H, or a substituent known in the art, including but not
limited to hydroxyl, alkyl, alkoxy, halo, amino, or amido;
and

ring S and ring T may be saturated or unsaturated.

In some embodiments, W together with N and Z forms a 5-
or 6-membered ring that is fused to a phenyl. In other embodi-
ments, W together with N and Z forms a 5- or 6-membered
ring that is optionally fused to another ring, when U is NR'R?,
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provided U is not NH,. In certain embodiments, W together
with N and Z forms a 5- or 6-membered ring that is not fused
to another ring, when U is NR'R? (e.g., NH,).

In yet another embodiment, the compounds of the present
invention have the general formula (TA4-2A) or (TA4-2B):

(TA4-2A)

(TA4-2B)

®),

whereinA, B,V, X, U, Z,Z", 7Z*, 73, Z* and n are as described
for TA4-1;

7% is O, NR!, CR®, or C—=0;

R%is H, C,_, alkyl, hydroxyl, alkoxy, halo, amino or amido;
and

Z and Z° may optionally form a double bond.

In the above formula (TA4-1), (TA4-2A) and (TA4-2B), U
may be NR'R?, wherein R' is H, and R? is a C,_,,, alkyl
optionally substituted with a heteroatom, a C;_¢ cycloalkyl,
aryl or a 5-14 membered heterocyclic ring containing one or
more N, O or S. For example, R? may be aC,_,, alkyl substi-
tuted with an optionally substituted morpholine, thiomorpho-
line, imidazole, aminodithiadazole, pyrrolidine, piperazine,
pyridine or piperidine. In other examples, R* and R? together
with N form an optionally substituted piperidine, pyrrolidine,
piperazine, morpholine, thiomorpholine, imidazole, or ami-
nodithiazole.

The compounds of formula (TA4-1), and methods of mak-
ing and using them, are described in U.S. patent application
Ser. No. 11/228,636, to Whitten, et al., entitled QUI-
NOLONE ANALOGS, and filed on Sep. 16, 2005.

In yet another aspect, the therapeutic agent to be combined
with a PARP inhibitor can be selected from compounds hav-
ing this formula:

(TA5-1)

®),

and pharmaceutically acceptable salts, esters and prodrugs
thereof;
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wherein V, X, and Y are absent if attached to a heteroatom
other than Nitrogen, and independently H, halo, azido,
R?, CH,R?, SR?, OR? or NR'R? when attached to C or
N; or

wherein V and X, or X and Y may form a carbocyclic ring,
heterocyclic ring, aryl or heteroaryl, each of which may
be optionally substituted and/or fused with a cyclic ring;

Z',7%>and 73 are C,N, Oor S;

Zis 0, S, NR?, CH, or C=0;

W together with N and Z forms an optionally substituted 5-
or 6-membered ring that is fused to an optionally sub-
stituted aryl or heteroaryl, wherein said aryl or het-
eroaryl may be monocyclic or fused with a single or
multiple ring, and wherein said ring optionally contains
a heteroatom;

U is —C(=0R?* —COOR?> —CONR'R?
—CONR!—(CR,),—NR?R*, SO,R?, SO,NR,R?
SO,NR'NR,R? SO,NR'OR? SO,NR'—(CR',)—
NR’R* or SO,NR!NR!'-—(CR',) —NR*R* or
SO,NR'—O—(CR",),—NR’R;

wherein in each NR'R?, R! and R? together with N may
form an optionally substituted ring;

in NR?R*, R? and R* together with N may form an option-
ally substituted ring;

R! and R? are independently H or C,_, alkyl;

eachR*isH, oraC,_,, alkyl or C,_,, alkenyl each option-
ally substituted with a halogen, one or more non-adja-
cent heteroatoms selected from N, O and S, a carbocy-
clic ring, a heterocyclic ring, an aryl or heteroaryl,
wherein each ring is optionally substituted; or R* is an
optionally substituted carbocyclic ring, heterocyclic

ring, aryl or heteroaryl; or R* is COR! or S(O)R'

wherein x is 1-2;

R*isH,aC,_,,alkyl or C,_,, alkenyl optionally containing
one or more non-adjacent heteroatoms selected from N,
O and S, and optionally substituted with a carbocyclic or
heterocyclic ring; or R and R* together with N may
form an optionally substituted ring;

each R’ is a substituent at any position on W; and is H, OR?,
amino, alkoxy, amido, halogen, cyano or an inorganic
substituent; or R®> is C, alkyl, C,, alkenyl,
—CONHR!, each optionally substituted by halo, carbo-
nyl or one or more non-adjacent heteroatoms; or two
adjacent R® are linked to obtain a 5-6 membered option-
ally substituted carbocyclic or heterocyclic ring, option-
ally fused to an additional optionally substituted car-
bocyclic or heterocyclic ring; and

nis 1-6.

In the above formula (TAS-1), ring T may form an option-

ally substituted S-membered ring selected from the group
consisting of:




US 9,062,043 B2
45 46

-continued -continued

"
o/Kz

z
o N =

8§

e
\

N\
Y Y 0 R2
v
< / . \
AR | N\ | / /
N | X—N X—N
Y

v, 0 0

N R2

~

b
A
/z\

b
= /k
SNy,
4 Z, <
\\gl m
< Z,

PN
ﬂﬂHIIH

N
S \ o)
40 X— N\ | /N :< |
N R2 N
/
Y
\
45 N
/
X—N |
A\
/N\ —= N\ /
/ 50
e —
N

Y In the above formula (TAS-1), W together with N and Z
Y, may form an optionally substituted 5- or 6-membered aryl or
55 . . . .
/N\ ~ /N\ heteroaryl ring that is fused to an optlonal.ly.substltuted arylor
e N X—N X—N heteroaryl selected from the group consisting of:
\N/ \N/

z4

Y 60
S /S /S N
— | O e
) ) 6 X v\/

(R), Rs)n (R),



US 9,062,043 B2

47 48
-continued -continued
®), P RS,
X 10
®),
AN \ Q
(®9), D
15 PR,
0
AN
| AN Xy |
20 _
J \/J ' /\<R5>n
0
25
AN
| N
30 ? ®3),
/Q>
/
\ I w9,

35 P

40
D,

P
/Q>
45
Y
\ e
P

50

55

60

% /
" 2—0
Y/ .
2—a3
E E: ; §
<‘\
X /

65



US 9,062,043 B2

49

-continued

Q
XS;I L

N X

R ®),

eoee
e
®3),

7
X
(RY),
0 and
[@]
N
X
(RY),
[@]

wherein each Q, Q', Q?, and Q? is independently CH or N;
P is independently O, CH, C—O0 or NR';
n and R? is as defined above.

In other embodiments of these compounds, W together
with N and Z may form a group having the formula selected
from the group consisting of
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®R),
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(R),

and

®),

wherein Z is O, S, NR?, CH, or C=0;

each Z* is CRS, NR?, or C—0;

R®is H, or a substituent known in the art, including but not
limited to hydroxyl, alkyl, alkoxy, halo, amino, or
amido; and

Ring S and M may be saturated or unsaturated.

In some embodiments, W together with N and Z may form

a 5- or 6-membered ring that is fused to a phenyl.

In yet another embodiment, the compounds of the present

invention have the general formula (TA5-2A) or (TAS-2B):

(TA5-2A)

(TA5-2B)

(®),

wherein U, V, W, X, Y, Z, Z', Z>, 7Z?, Z° and n are as

described above for TA5-1;

Z*is CR®, NR?, or C—O; and

Z and Z* may optionally form a double bond.

In the above formula (TAS-1), (TA5-2A) and (TA5-2B), U
may be SO,NR'R?, wherein R' is H, and R?is a C,_|, alkyl
optionally substituted with a heteroatom, a C;_¢ cycloalkyl,
aryl or a 5-14 membered heterocyclic ring containing one or
more N, O or S. For example, R> may be a C,_,, alkyl substi-
tuted with an optionally substituted morpholine, thiomorpho-
line, imidazole, aminodithiadazole, pyrrolidine, piperazine,
pyridine or piperidine. In other examples, R* and R together
with N form an optionally substituted piperidine, pyrrolidine,
piperazine, morpholine, thiomorpholine, imidazole, or ami-
nodithiazole.
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In other embodiments of these compounds, U is
SO,NR'—(CR!',) —NR*R* nis 1-4; each R! is H or alkyl;
and R? and R* in NR*R* together form an optionally substi-
tuted piperidine, pyrrolidine, piperazine, morpholine, thio-
morpholine, imidazole, or aminodithiazole. In some
examples, Uis SO,NH—(CH,),—NR>R*whereinR> and R*
together with N form an optionally substituted pyrrolidine,
which may be linked to (CH,),, at any position in the pyrro-
lidine ring. In one embodiment, R* and R* together with N
form an N-methy] substituted pyrrolidine.

In one embodiment, the present invention provides com-
pounds having formula (TAS-1), (TAS-2A) or (TA5-2B),
wherein:

each of V and Y if present is independently H or halogen
(e.g., chloro or fluoro);

X is —(R>)R'R?, wherein R is C or N and wherein in each
—(R*)R'R?, R* and R” together may form an optionally
substituted aryl or heteroaryl ring;

Z is NH or N-alkyl (e.g., N—CHy;);

W together with N and Z forms an optionally substituted 5-
or 6-membered ring that is fused with an optionally
substituted aryl or heteroaryl ring; and

U is —SO,R°R°—(CH,),—CHR*—NR>R?, wherein R>
is CR' orN; R is H or alkyl; R%is H or alkyl and wherein
in the —CHR*—NR’R* moiety each R or R* together
with the C may form an optionally substituted heterocy-
clic or heteroaryl ring, or wherein in the —CHR*—
NR?R* moiety each R® or R* together with the N may
form an optionally substituted carbocyclic, heterocyclic,
aryl or heteroaryl ring.

In another embodiment, the present invention provides
compounds having formula (TAS-1), (TAS-2A) or (TA5-2B),
wherein:

VandY if present is H or halogen (e.g., chloro or fluoro);

X if present is —(R*)R'R?, wherein R® is C or N and
wherein in each —(R®*)R'R?, R* and R? together may
form an optionally substituted aryl or heteroaryl ring;

Z is NH or N-alkyl (e.g., N—CHy;);

W together with N and Z forms an optionally substituted 5-
or 6-membered ring that is fused with an optionally
substituted aryl or heteroaryl ring; and

U is —SO,R’R®—(CH,),—CHR>*—NR’R*,

R’is CR'or N;

R® is H or alkyl and wherein in the —CHR>—NR’R*
moiety each R® or R* together with the C may form an
optionally substituted heterocyclic or heteroaryl ring, or
wherein in the —CHR>—NR’R* moiety each R? or R*
together with the N may form an optionally substituted
carbocyclic, heterocyclic, aryl or heteroaryl ring.

In yet another embodiment, the compounds of the present

invention have the general formula (TA5-3):

(TA5-3)

(R),

wherein U, V, X,Y, Z, Z*, 72, 73, R® and n are as described
above.
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In yet another embodiment, the compounds of the present
invention have the general formula (TA5-4A) or (TAS-4B):

(TA5-4A)
|
®3),
(TA5-4B)
0
N U
| ]
S N S
|
®3),

wherein U, V, X, Z, R® and n are as described above for
TAS-1.

Compounds of Formula (TA5-1), and methods for making
and using them, are described in U.S. Patent Application Ser.
No. 60/811,990, to Pierre, et al., entitled PYRIDINONE
ANALOGS, which was filed Jun. 8, 2006, and in U.S. Pro-
visional Patent Application to Nagasawa, et al., filed on Mar.
1, 2007, having attorney docket no. 53223-3003001.

In still another aspect, the therapeutic agent for the com-
binations of the invention can be a compound of the formula:

(€] (€]
A
U
X N
RS

and pharmaceutically acceptable salts, esters and prodrugs
thereof,

wherein X is H, OR?, NR'R?, halogen, azido, SR? or
CH,R;

A is H, halogen, NR'R? SR? OR? CH,R? azido or
NR!—(CRY,),—NRR*;

Zis O, S, NR' or CH,;

UisR? OR? NR'R? or NR!—(CR',), —NR*R* provided
U is not H;

W is an optionally substituted aryl or heteroaryl, which
may be monocyclic or fused with a single or multiple
ring optionally containing a heteroatom;

(TAG6-1)
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wherein R' and R? together with N in NR,R?, and R® and
R*together with N in NR*R* may independently form an
optionally substituted 5-6 membered ring containing N,
and optionally O or S;

R! and R? are independently H or a C,_, alkyl; and

R? and R* are independently H, ora C,_,, alkyl or C,_,,
alkenyl optionally containing one or more non-adjacent
heteroatoms selected from N, O, and S, and optionally
substituted with a substituted or unsubstituted aryl, het-
eroaryl, carbocyclic, or heterocyclic ring; or R? is an
optionally cycloalkyl, substituted heterocyclic ring, aryl
or heteroaryl;

R is a substituent at any position of W and is H, halo,
cyano, azido, —CONHR!, OR?, or C, 4 alkyl or C,_4
alkenyl, each optionally substituted by halo, —O or one
or more heteroatoms;

provided X and A both are not H, and further provided that
R’ is cyano or —CONHR' when A is H, halogen or
NR,R?;

or a compound having formula (TA6-1A)

(TA6-1A)

RZH,C N

RS

and pharmaceutically acceptable salts, esters and prodrugs
thereof;

A is H, halogen, azido, SR?, OR?, CH,R?, NR'R?, or
NR'-—(CR',), —NR’R*;

Z,U,W,R", R? R® and R* are as defined in formula TA6-1;

and

R’ is a substituent at any position of W and is H, halo,
cyano, azido, —CONHR!, OR?, or C, 4 alkyl or C,_4
alkenyl, each optionally substituted by halo, —O or one
or more heteroatoms;

wherein each optionally substituted moiety in formula
TAG6-1 and -1 A is substituted with one or more halo,
cyano, azido, acetyl, amido, OR?, NR,R?, carbamate,
C,_1oalkyl, C,_,, alkenyl, each optionally substituted by
halo, —O, aryl or one or more heteroatoms selected
from N, O and S; or is substituted with an aryl, a car-
bocyclic or a heterocyclic ring.

In the above formula TA6-1 or TA6-1A, W may be selected
from the group consisting of

| AN | x
/\/ NV Z
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R® and
0
0
X9
RS
0

wherein Q, Q', Q7 and Q? are independently CH or N;

Y is independently O, CH, =0 or NR*; and

R? is as defined in formula 1.

In some embodiments of these compounds, each W in the
above formula TA6-1 or TA6-1A may be an optionally sub-
stituted phenyl, pyridine, biphenyl, naphthalene, phenan-
threne, quinoline, isoquinoline, quinazoline, cinnoline,
phthalazine, quinoxaline, indole, benzimidazole, benzox-
azole, benzthiazole, benzofuran, anthrone, xanthone, acri-
done, fluorenone, carbazolyl, pyrimido[4,3-b]furan, pyrido
[4,3-b]indole, pyrido[2,3-b]indole, dibenzofuran, acridine or
acridizine. In one embodiment, W is an optionally substituted
phenyl.

The compounds of formula (TA6-1), and methods for mak-
ing and using them, are described in U.S. patent application
Ser. No. 11/404,947, to Whitten, et al., which was filed on
Apr. 14, 2006, and is entitled QUINOBENZOXAZINE
ANALOGS AND METHODS OF USING THEREOF.

The present invention utilizes the above therapeutic agents
in combination with at least one modulator. Examples of
PARP inhibitors are known in the art, and are disclosed, for
example, in C. R. Calebrese, et al., Clin. Cancer Res.vol. 9,
2711-18 (2003); S. J. Veuger, et al., Cancer Res. vol. 63,
6008-15 (2003); C. R. Calabrese et al., J. Nat’l. Cancer Inst.
96(1), 56-67 (2004); “Potent Novel PARP Inhibitors,” Expert
Reviews in Molecular Medicine, vol. 7(4) (March 2005); and
P. Jagtap, Nature Rev.: Drug Discovery, vol. 4, 421-40
(20045). The PARP inhibitors disclosed in these documents
are suitable for use in the methods and compositions of the
present invention. Additional PARP inhibitors that can be
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used include, for example, 10-(4-methyl-piperazin-1-ylm-
ethyl)-2H-7-oxa-1,2-diaza-benzo[de]anthracen-3-one (GPI
15427) and 2-(4-methyl-piperazin-1-yl)-5H-benzo[c][1,5]
naphthyridin-6-one (GPI 16539). See Di Paola, et al., Eur J.
Pharmacology, 527(1-3), 163-71 (2005). Representative, but
non-limiting, examples of PARP inhibitors that are suitable
for use in the invention include the known compounds shown
hereafter, including the pharmaceutically acceptable salts
thereof, and individual isomers or mixtures of isomers
thereof.

NH NH

X

/X" /

Tricyclic lactam indoles Tricyclic benzimidazoles
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Modulators that can be utilized in combination with a
therapeutic agent described above also include compounds
having structures of Formula I, II, 111, IV, V, VI, VII, VIIL, IX,
X, XTI or XII described herein.

The compound TA1-1A is a preferred therapeutic agent for
use in the methods and compositions of the invention. More
detail on suitable methods for its formulation and adminis-
tration are provided in U.S. Provisional Application Ser. No.
60/803,864 to Lim, et al., which was filed on Jun. 3, 2006.

The invention also in part provides pharmaceutical com-
positions comprising at least one therapeutic agent within the
scope of the invention as described herein in combination
with at least one modulator. Optionally, the composition may
comprise a diluent or other pharmaceutically acceptable
excipients.

For administration to animal or human subjects, the appro-
priate dosage of the therapeutic agent is typically 0.01-15
mg/kg, preferably 0.1-10 mg/kg. Dosage levels are dependent
on the nature of the condition, drug efficacy, the condition of
the patient, the judgment of the practitioner, and the fre-
quency and mode of administration; however, optimization of
such parameters is within the ordinary level of skill in the art.

Similarly, the dosage of a modulator, such as a compound
of Formula I, II, TII, IV, V, VI, VII, VIII, IX, X, XI or XII
described herein, is typically between about 0.01-15 mg/kg,
and about 0.1-10 mg/kg. A modulator may be separately
active for treating a cancer. For combination therapies
described above, when used in combination with a therapeu-
tic agent, the dosage of a modulator will frequently be two-
fold to ten-fold lower than the dosage required when the
modulator is used alone to treat the same condition or subject.
Determination of a suitable amount of the modulator for use
in combination with a therapeutic agent is readily determined
by methods known in the art.

Also provided are methods for modulating the activity of a
PARP protein, which comprises contacting a system compris-
ing the PARP protein with a composition described herein in
an amount effective for modulating (e.g., inhibiting) the
activity of the protein. The system in such embodiments can
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be a cell-free system or a system comprising cells. Also
provided are methods for reducing cell proliferation, and
optionally inducing apoptosis, which comprises contacting
cells with a composition or a combination therapy as
described herein, wherein a therapeutic agent is administered
in an amount effective to reduce proliferation of the cells, and
a PARP inhibitor is administered in an amount sufficient to
enhance the efficacy of the therapeutic agent. The cells in
such embodiments can be in a cell line, in a tissue or in a
subject (e.g., a research animal or human).

The invention also in part provides methods for treating a
condition related to aberrant cell proliferation. For example,
provided are methods of treating a cell proliferative condition
in a subject, which comprises administering a therapeutic
agent described herein and a PARP inhibitor described herein
to a subject in need of treatment for a cell proliferative disor-
der; the therapeutic agent and the PARP inhibitor are admin-
istered in amounts effective to treat the cell proliferative con-
dition. The subject may be a research animal (e.g., rodent,
dog, cat, monkey), optionally containing a tumor such as a
xenograft tumor (e.g., human tumor), for example, or may be
a human.

A cell proliferative condition sometimes is a tumor or
non-tumor cancer, including but not limited to, cancers of the
colorectum, breast, lung, liver, pancreas, lymph node, colon,
prostate, brain, head and neck, skin, liver, kidney, blood and
heart (e.g., leukemia, lymphoma, carcinoma).

Any suitable formulation of the therapeutic agent and the
PARP inhibitor can be prepared for administration, either
together or separately. Any suitable route of administration
may be used for each component, including but not limited to
oral, parenteral, intravenous, intramuscular, transdermal,
topical and subcutaneous routes. The two substances used
together (PARP inhibitor and therapeutic agent) may be
administered separately or together. When administered
together, they may be in separate dosage forms, or they may
be combined into a single combination drug. Thus, provided
herein are pharmaceutical compositions comprising a thera-
peutic agent as described herein and at least one PARP inhibi-
tor, and a pharmaceutically acceptable excipient.

The following examples illustrate and do not limit the
invention.

EXAMPLE 1

Processes for Synthesizing Compounds of Formulae
L, 1T, 1T and IV

Process 1

3-bromo-4-pyridine carboxylic acid (3.0 g, 14.9 mmol) in
ethanol (100 mL.) was treated with concentrated sulfuric acid
(5 mL).

(¢] (¢]
{\:EKOH @fko/\
¥ 7 Br ¥ 7 Br

The mixture was brought to reflux at which time everything
went into solution. After 12 hours at reflux, LCMS indicated
that the reaction was complete. The reaction mixture was
cooled to room temperature and concentrated on a rotary
evaporator to a third of its original volume. The mixture was
then diluted with 250 mL of ethyl acetate and washed twice
with saturated aqueous sodium bicarbonate. Concentration
on a rotary evaporator yielded 3.25 g of the ethyl ester as a
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yellowish oil which was sufficiently pure enough for subse-
quent chemical transformations. LCMS (ESI) 216.2 (M+1)™*.

/

NH

\

e}

Ethyl 3-bromo-4-pyridine carboxylate 1.15 g, 5.0 mmol),
2-amino-4-methoxycarbonyl-phenylboronic acid (1.04 g, 4.5
mmol), sodium acetate (1.64 g, 20 mmol), 1,1'-bis(diphe-
nylphosphino)ferrocene palladium (II) chloride (complexed
with dichloromethane) (182 mg, 0.25 mmol) and dimethyl-
formamide (7.5 mL) were combined in a flask. The flask was
evacuated and filled with nitrogen twice and heated to 125° C.
with stirring for 12 hours oruntil LCMS indicated the absence
of any starting material. The mixture was cooled to room
temperature and water (100 m[.) was added to form a brown
precipitate. The precipitate was filtered to yield 637 mg of
methyl 5-0x0-5,6-dihydrobenzo|[c][2,6]|naphthyridine-8-car-
boxylate. LCMS (ESI) 255.4 (M+1)".

0
|\ NI
Ne_# .
0
0
cl
XN
I
0
0

Methyl 5-o0x0-5,6-dihydrobenzo[c][2,6]naphthyridine-8-
carboxylate (200 mg, 0.787 mmol) was combined with phos-
phorus oxychloride (1 mL) and heated to reflux. After 2 hours,
LCMS indicated the absence of any starting material. The
volatiles were removed under reduced pressure. The residue
was taken up in dichloromethane (50 ml.) and washed twice
with saturated aqueous sodium bicarbonate. The organic
phase was dried over sodium sulfate and concentrated on a
rotary evaporator to give methyl 5-chlorobenzo|c][2,6|naph-
thyridine-8-carboxylate (140 mg) as a grayish solid. LCMS
(ESI) 273.3 (M+1)".
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VN
N _~# .
(6]
(6]
e
X ™y
I\! P -
(6]
(6]
HN
XN Xy
o
OH
(6]
Methyl 5-chlorobenzo[c][2,6]naphthyridine-8-carboxy-

late (20 mg, 0.074 mmol) was combined with aniline (60 mg,
0.65 mmol) and N-methylpyrrolidinone (0.2 mL) in a micro-
wave tube and the mixture was heated to 120° C. for 10
minutes at which time LCMS indicated that the reaction was
complete as indicated by the absence of any starting material.
The mixture was then purified by HPLC to yield the ester (22
mg) or it could be treated with 6N sodium hydroxide to yield
the acid (19 mg). LCMS (ESI) 316.3 (M+1)*. 'HNMR (400
MHz, CD,0D) 10.17 (1H, s), 9.67 (1H, br), 8.99 (1H, d, 5.9
Hz), 8.83 (1H, d, 8.6 Hz), 8.62 (1H, d, 5.9 Hz), 8.24 (1H, d,
1.6 Hz), 8.04 (1H, s), 8.02 (1H, s), 7.93 (1H, dd, 8.2, 1.6 Hz),
7.43 (1H,d, 7.4 Hz), 7.41 (1H, d, 7.4 Hz), 7.10 (1H, m).

XN

\
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-continued

al
N
N FH

HN Cl

Ty

OH
(6]

Methyl 5-chlorobenzo[c][2,6]naphthyridine-8-carboxy-
late (232 mg, 0.853 mmol) was combined with meta-chloroa-
niline (217 mg, 1.71 mmol) and N-methyl pyrrolidinone (1
ml)in a flask and the mixture was heated to 80° C. for 2 hours
atwhich time LCMS indicated that the reaction was complete
as indicated by the absence of any starting material. The
mixture was dissolved in CH,Cl,, washed with saturated
aqueous sodium bicarbonate and dried over Na,SO,. The
material was purified by flash chromatography (SiO,, 1:1 to
9:1 gradient of EtOA c/Hexanes) to obtain the ester. The mate-
rial was dissolved in methanol and 6N aqueous NaOH and the
mixture stirred at 50° C. for 30 minutes. The volatiles were
removed in vacuo. The residue was triturated from acetic
acid/THF/methanol using a mixture of hexanes and ethylac-
etate. Filtration and drying provided 147 mg of 5-(3-chlo-
rophenylamino)benzo[c][2,6|naphthyridine-8-carboxylic
acid. LCMS (ESI) 350 (M+1)*". "HNMR (400 MHz, DMSO-
dg) 8 10.21 (s, 1H), 9.72 (br s, 1H), 9.02 (d, J=5.6, 1H), 8.89
(d, J1=8.8, 1H), 8.62 (d, J=5.6, 1H), 8.31 (br s, 1H), 8.28 (d,
J=1.6, 1H), 8.10 (br d, J=8, 1H), 7.99 (dd, J=2, J=8.4, 1H),
7.46 (t,1=8.0, 1H), 7.16 (br d, J=7.2, 1H) ppm.

0 OH  NH,
B
| S o N 1o~
N
/ Br %N
0
| A NH
N /
%N
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Sodium acetate (410 mg, 5 mmol) and 1,1'-bis(diphe-
nylphosphino)ferrocene palladium (II) chloride (complexed
with dichloromethane) (36 mg, 0.05 mmol) were added to a
mixture of ethyl 3-bromo-4-pyridine carboxylate (230 mg,
1.0 mmol) and 2-amino-4-cyanophenylboronic acid hydro-
chloric acid salt (179 mg, 0.9 mmol). The mixture was con-
nected to an exit bubbler and heated to 120° C. for 18 hours at
which time LCMS analysis indicated that the reaction was
done based on the disappearance of starting material. After
cooling to room temperature, water was added and the dark
solids were filtered and washed with dichloromethane to give
5-0x0-5,6-dihydrobenzo[c][2,6]naphthyridine-8-carboni-
trile (156 mg) as a gray solid which was sufficiently pure
enough for subsequent chemical transformations. LCMS
(ESI) 222.4 (M+1)*. "HNMR (400 MHz, DMSO-dy) 12.2
(1H, s), 9.96 (1H, s), 8.90 (1H, d, 5.1 Hz), 8.77 (1H, d, 8.2
Hz),8.13 (1H,d, 5.1 Hz),7.73 (1H,dd 8.2, 1.6 Hz), 7.70 (1H,
d, 1.6 Hz).

(€]
| X NH
N S
X
Cl
)
N P

A\
Phosphorus oxychloride (2 mL) was added to the 5-oxo0-5,
6-dihydrobenzo|[c][2,6 |naphthyridine-8-carbonitrile ~ (150

mg, 0.66 mmol). The mixture was heated reflux for 3 hours at
which time LCMS analysis indicated the absence of any
starting material. Volatiles were removed under vacuum and
the crude product was dissolved in dichloromethane, washed
with brine and saturated aqueous sodium bicarbonate and
dried over sodium sulfate. After concentrating under vacuum,
the crude product was triturated with ethyl acetate and hex-
anes to give 5-chlorobenzo[c][2,6]naphthyridine-8-carboni-
trile (125 mg). LCMS (ESI) 240.3 (M+1)*.

Cl

X ™y
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-continued
HN
B
N /
%N

A mixture of the 5-chlorobenzo|c][2,6]naphthyridine-8-
carbonitrile (30 mg, 0.13 mmol), aniline (60 mg, 0.65 mmol)
and dimethylformamide (0.2 mL) was heated to 120° C.in a
microwave reactor for 10 minutes. LCMS indicated that
absence of starting material. The mixture was diluted with
water and left to stand for a few minutes as 5-(phenylamino)
benzo[c][2,6]naphthyridine-8-carbonitrile (25 mg) precipi-
tated as an off-white solid. LCMS (ESI) 297.3 (M+1)*.

HN
| X XN -
N A
Ny
HN
| XXy
N A
H
X
[ s
N\N//

Sodium azide (65 mg, 1 mmol) and ammonium chloride
(53 mg, 1 mmol) were added to a crude mixture of the 5-(phe-
nylamino)benzo[c][2,6]naphthyridine-8-carbonitrile (25 mg,
0.084 mmol) in dimethylformamide (0.2 mL). The mixture
was heated for 18 h at 120° C. at which time LCMS analysis
indicated the absence of any starting material. The mixture
was diluted with water and purified by preparative HPLC to
give N-phenyl-8-(1H-tetrazol-5-yl)benzo[c][2,6]naphthyri-
din-5-amine (14 mg). LCMS (ESI) 340.3 (M+1)*. "HNMR
(400 MHz, CD,0OD) 10.11 (1H, s), 8.96 (1H, d, 5.9 Hz), 8.85
(1H, d, 8.2 Hz), 8.53 (1H, d, 5.5 Hz), 8.47 (1H,$), 8.16 (1H,
d, 8.6 Hz), 7.88 (1H, s), 7.86 (1H, d, 0.8 Hz), 7.57-7.51 (3H,
m), 7.36-7.31 (2H, m).

Representative compounds are set forth hereafter in Table
1A.
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TABLE 1A
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Molecular LCMS (ES)

Compound Weight m/z
0 2392 240 [M+1]*
N
O
e}
0 2973 298 [M+1]*
N/\/\
O
¢}
PN 2973 298 [M+1]*
O O
\ N
O
¢}
0 2633 264 [M+1]"
N
N
\N
N Z
N
0 2402 241 [M+1]*
| N
N
e}
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TABLE 1A-continued

Molecular LCMS (ES)

Compound Weight m/z
0 2542 255 [M+1]*
e
N /
O
~
O
| 3094 310 [M+1]*
N
N/\/ ~
N
O
O
/@ 3143 315 [M+1]*
N
AN
O
O
0 3213 322 [M+1]*
NN
N
\N
N7
N
/@ 315.3 316 [M + 11"
N
e
N /
0]
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TABLE 1A-continued

Molecular LCMS (ES)

Compound Weight m/z
| 3104 311 [M+1]*
N
N/\/ \
\ \N
/
(0]
(0]
0 2643 265 [M+1]"
T
N, P
N
N
N . ¥
~N
/@ 3394 340 [M+1]*
N
B
N. P
N
\N
N 7
~N
| 3344 335 [M+1]"
N
B
N F
N
N
N ¥
~N
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Molecular LCMS (ES)

Compound Weight m/z
/@ 3294 330 [M+1]*
N
D
N P
e}
~
e}
: 3454 346 [M+1]*
N o
T )
N P
e}
e}
: F 367.8 368 [M+1]*
N Cl
D
N F
O
~
¢}
F 367.76 368 [M+1]*
HN Cl
)
N VY
OH
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TABLE 1A-continued

Molecular LCMS (ES)

Compound Weight m/z
: 29633 297 [M+1]*
HN
D
N F
Xy
THg 20135 292 [M+1]
/\/N\
HN CH;3
\ \N
N P
Xy
: F 38179 382 M+ 1]
HN Cl
1)
N F
O
\CH3
¢}
359.38 360 [M+1]"
/[ 1 CH;
HN O/
7
N F

CH;
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Molecular LCMS (ES)

Compound Weight m/z
: 33332 334 [M+1]*
HN F
\ \N
N P
OH
¢}
/\/@ 343.38 345 [M+1]*
HN
D8
N F
OH
e}
: 349.77 350 [M +1]*
HN Cl
\ \N
N VP
OH
¢}
: 357.34 358 [M+1]*
HN F
D
N P
H
N
[
N_ 7
N
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TABLE 1A-continued

Molecular LCMS (ES)

Molecular LCMS (ES)

Compound Weight m/z 5 Compound Weight m/z
al 9179 392 M+1]" HN/\@ 329.35 330 [M+1]*
HN F 10 | x N
N A
T Y )
OH
N~ y
H e}
N
\N
N ¥
N 20
353.38 354 [M+1]*
Cl 349.77 350 [M +1]* /O
N
/©/ »
HN X Xy
|
N
X XN P~
30
N AN N
/
OH O />
N
e} 35
377.82 378 [M+1]*
33935 340 M+ 1]° /\/@\
40
HN Cl
HN %CH
AN Xy
T )
N
45 F
N F
OH
OH
50 o
373.80 374 [M+1]
361.37 362 [M+1]"
55
HN Cl
HN F
AN
| 1 VN
60 |
N
/ N /
H
N OH
[
N Vi 65

/
7
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Molecular LCMS (ES)

Compound Weight m/z
35741 358 [M+1]*
HN/\/\@
D
N P
OH
¢}
F 35131 352 [M+1]°
HN f F
\ Y N
/
OH
e}
O\ 34033 341 [M+1]*
HN CN
\ Y N
/
OH
e}
363.80 364 [M+1]"
HN Cl
7 )
N F
O
\CH3
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Molecular LCMS (ES)

Compound Weight m/z
/@\ 33579 336 [M+ 11"
HN Cl
T )
N F
OH
cl 417.77 418 [M+1]*
F
HN
F
F
\ S N
N P
OH
e}
N 356.38 357 [M+1]*
Z
N
AN XN
N P
OH
e}
/@\ 329.35 330 [M+1]*
HN

CH;
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TABLE 1A-continued

Molecular LCMS (ES)

Compound Weight m/z
383.32 384 [M+1]*
F
HN
F
F
e
N F
OH
¢}
f 279.29 280 [M +1]*
HN
Y )
N =
OH
e}
Process 2

(¢] (¢]
N, N CH,
K\r‘\OH S K\r‘\ O/ 3
N N
= Br = Br

5-bromopyrimidine-4-carboxylic acid (prepared accord-
ing to the procedure described in U.S. Pat. No. 4,110,450)
(1.0 eq, 6.14 g, 30.2 mmol) was suspended in CH,Cl, (100
ml). Oxalylchloride (1.1 eq, 2.9 ml, 33.0 mmol) was added
followed by 2 drops of DMF. The mixture was stirred at room
temperature overnight and the volatiles were removed in
vacuo. The residue was taken in MeOH (50 ml) and heated.
After evaporation of MeOH in vacuo the compound was
dissolved in CH,Cl, and poured on a prepacked silica gel
column. The material was eluted using 20% Ethyl acetate in
hexanes. Evaporation of the solvent provided methyl-5-bro-
mopyrimidine-4-carboxylate as a light orange crystalline
solid (2.54 g, 39% yield).

LCMS (ES): 95% pure, m/z 217 [M]*; 219 [M+2]*; 'H
NMR (CDCl;, 400 MHz) 8 4.04 (s, 3H), 9.02 (s, 1H), 9.21 (s,

1H) ppm.
Process 3
O
KN | o _ClH )
N\ Br
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NH, HCI
(HO),B
O —
(@]
cn,
O
N
K | NH
N\
(0]
(@]
o

Sodium acetate (4.0 eq, 1.92 g, 23.41 mmol) and 1,1'-bis
(diphenylphosphino)ferrocene palladium (II) chloride (com-
plexed with dichloromethane) (0.05 eq, 214 mg, 0.29 mmol)
were added to a mixture of methyl-5-bromopyrimidine-4-
carboxylate (1.0 eq, 1.27 g, 5.85 mmol), and 2-amino-4-
(methoxycarbonyl)phenylboronic acid hydrochloride (1.0
eq, 1.35 g, 5.85 mmol) in anhydrous DMF (10 ml). The
Mixture was stirred under nitrogen atmosphere at 120° C. for
18 hours. Water and brine were added and the resulting solid
impurities filtered off. The material was extracted with
CH,Cl, (4x) and the combined extracts dried over Na,SO,.
After evaporation of CH,Cl,, the remaining DMF was evapo-
rated by heating the residue in vacuo. The resulting solid was
triturated in CH,Cl,, filtered and dried to provide methyl
5-0x0-5,6-dihydropyrimido[4,5-c]quinoline-8-carboxylate
as a beige solid (127 mg, 8.5% yield). LCMS (ES): >80%
pure, m/z 256 [M+1]*;

'H NMR (DMSO-d,, 400 MHz) & 3.79 (s, 3H), 7.81 (d,
J=8.0, 1H), 8.68 (d, I=8.8, 1H), 9.49 (s, 1H), 10.19 (s, 1H),
12.37 (s, 1H) ppm.

Process 4
O
N
K | NH
AN —
O
(@]
~em,
ClL
N
AN
(0]
(@]
em,

In a vial, methyl 5-0x0-5,6-dihydropyrimido[4,5-c]quino-
line-8-carboxylate (1.0 eq, 151 mg, 0.59 mmol) was mixed in
toluene (1 ml) with DIEA (1.5 eq, 155 ul, 0.89 mmol) and
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POCI; (5 eq, 270 ul, 3.0 mmol). The mixture was stirred at
120° C. for 1 hour and cooled down to room temperature.
After adding ice and water the compound was extracted with
CH,Cl, (4x). The solution was filtered over Na,SO, and
filtered through a pad of celite. After evaporation of the vola-
tiles, the material was triturated in a mixture of ethyl acetate
and hexanes, filtered and dried to afford methyl 5-chloropy-
rimido[4,5-c]quinoline-8-carboxylate as a light brown fluffy
solid (115 mg, 71% yield). LCMS (ES): 95% pure, m/z 274
[M+1]*. "HNMR (DMSO-d,, 400 MHz) § 3.96 (s, 3H), 8.37
(dd, J=1.6, 1=8.4, 1H), 8.60 (d, J=1.6, 1H), 9.15 (d, J=8.8,
1H), 9.74 (s, 1H), 10.61 (s, 1H) ppm

Process 5
HN F
N
7 AN
| —
AN
O
(@]
o,
F
HN F
N
AN
O
OH

methyl 5-chloropyrimido[4,5-c]quinoline-8-carboxylate
(10 mg) was mixed with 3,5-difluoroaniline (100 mg) in NMP
(0.1 ml). The mixture was heated under microwaves at 120°
C. for 10 minutes. Water was added and the material extracted
with CH,Cl,. The solvent was removed. Trituration in a mix-
ture of ethylacetate and hexanes and filtration provided
methyl 5-(3,5-difluorophenylamino)pyrimido[4,5-c]quino-
line-8-carboxylate. This material was suspended ina 1:1 mix-
ture of THF and MeOH (2 ml) and a SN aqueous solution of
Lithium Hydroxide was added. The mixture was vigorously
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stirred at room temperature for 5 hours. Water and 6N hydro-
chloric acid were added to induce precipitation of the
expected material. The solid was filtered, washed with water,
dried and suspended in MeOH. Filtration and drying gave
5-(3,5-difluorophenylamino)pyrimido[4,5-c]quinoline-8-
carboxylic acid as a yellow solid (4 mg, 31% yield).
LCMS (ES): 95% pure, m/z 353 [M+1]*. "H NMR (DMSO-
ds, 400 MHz) 8 6.90 (br t, J=9.6, 1H), 8.02 (dd, I=1.6, J=8.0,
1H), 8.18 (br d, J=10.8, 2H), 8.34 (d, J=1.6, 1H), 8.86 (d,
J=8.4, 1H), 9.65 (s, 1H), 10.40 (s, 1H), 10.44 (s, 1H) ppm.

Process 6

Cl

5-(3-ethynylphenylamino)pyrimido[4,5-c]quinoline-8-
carboxylic acid was prepared using the same method, starting
from methyl 5-chloropyrimido[4,5-c]quinoline-8-carboxy-
late and 3-ethynylaniline. LCMS (ES): 95% pure, m/z 341
[M+1]". "HNMR (DMSO-d,, 400 MHz) 8 4.20 (s, 1H), 7.19
(d,J=7.6,1H),7.42 (t,]=8.0,1H), 7.99 (dd, J=1.6, I=8 4, 1H),
8.30 (d, J=1.6, 1H), 8.34 (dd, J=1.6, J=8.0, 1H), 8.49 (br s,
1H), 8.85(d, J=8.8, 1H), 9.65 (s, 1H), 10.11 (s, 1H), 10.43 (s,
1H) ppm.

Representative analogs (Table 1B) were prepared by the
same method using methyl 5-chloropyrimido[4,5-c]quino-
line-8-carboxylate and appropriate amines.
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TABLE 1B
Structure MW LCMS (ES) m/z
F 382.78 383 [M+1]*
HN Cl
N,
B8
N =
O
\CH3
e}
: F 368.75 369 [M+1]*
HN Cl
N
( X ™N
N P
OH
¢}
/@\ 334.30 335 M+ 171"
HN F
N
B
N F
OH
e}
35076 351 [M+1]*
HN Cl
N
B
N F
OH
e}
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TABLE 1B-continued

Structure MW LCMS (ES) m/z

384.3114 385 [M + 1]+

339.3501 340 [M + 1]+
HN X
Nen
N
( AN Ny
N /
NI,
(@]
Process 7

CH;

Br

methyl-5-bromo-2-(methylthio)pyrimidine-4-carboxylate
was prepared according to the procedure used in process 2 for
the preparation of methyl-5-bromopyrimidine-4-carboxy-
late. LCMS (ES): >90% pure, m/z 263 [M]*, 265 [M+2]*;

'H NMR (CDCl,, 400 MHz) & 2.59 (s, 3H), 4.00 (s, 3H),
8.71 (s, 1H) ppm.

Process 8

0
S N CH;
me” = o
| —
N
X Br
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-continued

Methyl-5-bromo-2-(methylthio)pyrimidine-4-carboxy-
late (1.0 eq, 661 mg, 2.52 mmol) was dissolved in CH,Cl, (10
ml). meta-chloro perbenzoic acid (m-cpba, 77% pure grade,
2.5 eq, 1.42 g, 6.34 mmol) was added and the mixture was
stirred at room temperature for 1 hour. To the resulting sus-
pension was added anhydrous THF (10 ml), methylamine
hydrochloride (10 eq, 1.7 g, 25.18 mmol) and DIEA (10 eq,
4.3 ml, 24.69 mmol) and the mixture stirred at room tempera-
ture overnight. The solvents were removed in vacuo prior to
adding CH,Cl, and a saturated aqueous sodium bicarbonate
solution. The two phases were decanted and two further
CH,Cl, extractions were carried out. The combined extracts
were dried over Na,SO, and the solvents evaporated. Purifi-
cation by flash chromatography on silica gel (20-30% ethy-
lacetate in hexanes) provided methyl 5-bromo-2-(methy-
lamino)pyrimidine-4-carboxylate as an off-white solid (461
mg, 75% yield). LCMS (ES): >95% pure, n/z 246 [M]*, 248
[M+2]*.

Process 9

CH;

Sodium acetate (3.0 eq, 240 mg, 2.93 mmol) and 1,1'-bis
(diphenylphosphino)ferrocene palladium (II) chloride (com-
plexed with dichloromethane) (0.05 eq, 36 mg, 0.049 mmol)
were added to a mixture of methyl 5-bromo-2-(methylamino)
pyrimidine-4-carboxylate (1.0 eq, 240 mg, 0.975 mmol), and
2-amino-4-(methoxycarbonyl)phenylboronic acid hydro-
chloride (1.0 eq, 226 mg, 0.98 mmol) in anhydrous DMF (2
ml). The mixture was stirred under microwave heating at 120°
C. for 10 min. Addition of water induced precipitation of the
expected compound that was filtered and dried. methyl
3-(methylamino)-5-o0x0-5,6-dihydropyrimido[4,5-c]quino-
line-8-carboxylate (57 mg, 21% yield). LCMS (ES): >80%
pure, m/z 285 [M+1]*.
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3-(methylamino)-5-(phenylamino)pyrimido[4,5-c]quino-
line-8-carboxylic acid was prepared using methods described
in process 3 and 4 starting from methyl 3-(methylamino)-5-
0x0-5,6-dihydropyrimido[4,5-c]quinoline-8-carboxylate.
The final product was purified by flash chromatography and
isolated as a yellow solid (0.35 mg). LCMS (ES): >95% pure,
m/z 346 [M+1]".

Process 11
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-continued

In a microwave vessel, methyl 5-bromo-2-(methylthio)py-
rimidine-4-carboxylate (1.0 eq, 274 mg, 1.18 mmol),
2-amino-4-(methoxycarbonyl)phenylboronic acid hydro-
chloride (1.2 eq, 329 mg, 1.42 mmol), and sodium acetate (3.0
eq, 291 mg, 3.55 mmol) were mixed in anhydrous DMF (2
ml). The mixture was degassed by bubbling nitrogen gas in
the solution for 10 min and the reaction heated under micro-
waves at 120° C. for 30 min. After cooling down the expected
material crashed out of NMP. The solid was filtered, sus-
pended in water filtered and dried. The material was triturated
in AcOFEt and filtered give a yellow solid. The same procedure
was repeated 9 times using the same amounts of materials to
provide methyl 3-(methylthio)-5-0x0-5,6-dihydropyrimido
[4,5-c]quinoline-8-carboxylate (283 mg, 10% yield).
LCMS (ES): >95% pure, m/z 302 [M+1]*, '"H NMR (DMSO-
de, 400 MHz) 6 2.71 (s, 3H), 3.89 (s, 3H), 7.80 (dd, J=1.6,
J=8.4, 1H), 7.97 (d, J=1.6, 1H), 8.59 (d, J=8.8, 1H), 9.98 (s,
1H), 12.34 (s, 1H) ppm.

Process 12

methyl 3-(methylthio)-5-0x0-5,6-dihydropyrimido[4,5-c]
quinoline-8-carboxylate (1.0 eq, 279 mg, 0.926 mmol) was
suspended in toluene (2 ml). POCI, (2 ml) and DIEA (0.5 ml)
were added and the mixture stirred at 120° C. for 5 hours. The
volatiles were removed in vacuo and CH,Cl, was added. The
organic phase was washed with saturated aqueous sodium
bicarbonate, washed with water and dried over Na,SO,. The
solution was filtered through a pad of celite and the solvents
removed in vacuo. The material was triturated in hexanes and
AcOEt, filtered and dried to provide methyl 5-chloro-3-(me-
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thylthio)pyrimido[4,5-c]quinoline-8-carboxylate as a beige
solid (184 mg, 63% yield). LCMS (ES): >95% pure, m/z 320
[M+1]", 322 [M+3]".

Process 13

methyl 5-chloro-3-(methylthio)pyrimido[4,5-c]quinoline-
8-carboxylate (1.0 eq, 182 mg, 0.57 mmol) was mixed with
aniline (0.5 ml) in NMP (1 ml). The mixture was heated under
microwave for 10 minutes at 120° C. Water was added and the
resulting solid was filtered and dried. The compound was
triturated in EtOAc and hexanes and filtered to afford methyl
3-(methylthio)-5-(phenylamino)pyrimido[4,5-c]quinoline-
8-carboxylate as a yellow solid. LCMS (ES): >95% pure, m/z
377 [M+1]". This material was suspended in CH,Cl, (4 ml)
and meta-chloroperbenzoic acid (77% pure, 2.5 eq, 165 mg,
0.737 mmol) was added in small portions. After one hour, an
additional amount (100 mg) of mcpba was added and the
mixture stirred for 1.5 hours. After addition of more CH,Cl,,
the organic phase was washed with water (4x), dried over
Na,SO, and the solution was filtered through a pad of silica
gel, eluting with a MeOH/CH,Cl, mixture. After evaporation
of the solvents, methyl 3-(methylsulfonyl)-5-(phenylamino)
pyrimido[4,5-c]quinoline-8-carboxylate was isolated as a
yellow solid (166 mg, 72% yield). LCMS (ES): >95% pure,
m/z 409 [M+1]*, 'H NMR (DMSO-d,, 400 MHz) & 3.77 (s,
3H),3.93 (s,3H), 7.15 (t,J=7.2, 1H), 7.45 (t, J=7.6, 2H), 7.99
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(dd, J=2.0, J=8.4, 1H), 8.16 (d, J=7.6, 2H), 8.28 (d, J=2.0,
1H), 8.89 (d, J=8.8, 1H), 9.76 (s, 1H), 10.61 (s, 1H) ppm.
Process 14

30

88

-continued

OH

In a closed vial, methyl 3-(methylsulfonyl)-5-(pheny-
lamino)pyrimido[4,5-c]quinoline-8-carboxylate (1.0 eq, 62
mg, 0.152 mmol) was mixed with Methylamine hydrochlo-
ride (100 mg), DIEA (260 ul) in DMF (1 ml). The mixture was
stirred at 60° C. for 40 min. Addition of water induced pre-
cipitation of methyl 3-(methylamino)-5-(phenylamino)py-
rimido[4,5-c]quinoline-8-carboxylate which was isolated by
filtration. This material was suspended in a 1:1:1 mixture of
THF, MeOH and water (4 ml), and vigorously stirred at 60° C.
in the presence of LiOH (200 mg) for 1.5 hours. Water aque-
ous HCI were added and to reach pH=1. The solid was fil-
tered, dried and ftriturated in AcOEt/hexanes to provide
3-(methylamino)-5-(phenylamino)pyrimido[4,5-c]quino-
line-8-carboxylic acid as a yellow solid (40 mg, 74% yield).
LCMS (ES): >95% pure, m/z 346 [M+1]".

The following analogs (table 1C) were prepared using the
same method. After purification by preparative HPLC and
genevac evaporation the material were isolated as solids.

TABLE 1C

Molecular LCMS (ES)

Structure Weight n/z

Y

HN

N
A XN

N

I /@
HN

N

HN

37139 372 M +1]*

e

e

OH

37341 374 [M+1]+

T T

N

s

OH
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TABLE 1C-continued
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Structure

Molecular LCMS (ES)
Weight m/z

CH;
N
N

HN\r\ N
o
OH
0
s
HN
HNYN\ Ny
.
OH

o

HN N
\( AN \N
N. F
OH
(@]
HN :
N
\( xRN
HN. N. /
OH

o

38041 390 [M+ 1]+

37538 376 M+ 1]+

38041 390 [M+ 1]+

41446 415 [M+ 1]+
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TABLE 1C-continued

Molecular LCMS (ES)
Structure Weight m/z

O 43050 431 [M+ 1]+
HN

u
N N,
H3C/\N/\/ T\ AN
P v
H,C Z
oH
0
44449 445 M+ 1]+
HN
N o
(\N/\/ T\ Xy
[ 1
oH
0
45851 459 M+ 1]+
o/\ HN
(A s
~ N \( N Xy
N __~#
oH
0

39541 396 [M+1]*

V o=

YT
N A
OH
@]
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TABLE 1C-continued

Molecular LCMS (ES)
Structure Weight m/z

39743 398 M+ 1]

HN
N N
J/ YO
N
H,C Z
OH
o)
41343 414[M+ 1]
HN
N N
Yy
N
i d
CH; OH
0
43848 439 M+ 1]
HN
N x
YYTY O
HN Nz
OH
0

48253 483 M +1]"
o/\ HN
(A (x
NN XN \\

CH

OH

369.38 370 [M+1]*
I HN/Q
HN N,
XN N

OH
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Molecular LCMS (ES)
Structure Weight m/z

/@\ 405.84 406 [M+1]*
HN cl

N
vV T T

NFHA

OH

42836 429 [M+1]*

H;C F

w HN

F
0 N, F
Y \ \N
N __#
OH
0
379.80 380 [M +1]*
TH3 HN
HN. N Cl
T \ \N
N A
OH
0
393.83 394 [M+1]*
THg HN
N, N Cl
me” \( X ™y
N /
OH

o
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TABLE 1C-continued

Molecular LCMS (ES)
Structure Weight m/z

36577 366 [M+ 1]

HN
HZNYN\ Ny Cl
o
OH
0
407.85 408 [M+1]*
HN
chY§YN\ Ny a
CH; 1\! Z
OH
0

43939 440 [M+ 1]
F
HN
F

HNTN\ x N F

NG

39383 397 M+1]"
HC
W HN cl

HN\(N\ N N

N
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100

Structure

Molecular LCMS (ES)
Weight m/z

F
CH; HN
| N Cl

HN.
\(\ \N
N A
OH
0
F
HN
H,N N Cl
2\(\ XxxN
N _#
OH
0
F
HN
H
N, N, Cl
v/ T\ AN
N __#
OH
0
F
HN
H3C /\/§ N Cl
0 \(\ Xy
N __#
OH

o

39779 398 [M+1]*

38376 384 [M+ 1]

42383 424 [M+1]*

441.84 442 M+ 1]
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Molecular LCMS (ES)
Structure Weight m/z

42746 A28 [M+1]*

HN
u %CH
N N
H3C/\O/\/ T A gl N
N /
OH
0
44148 442 M+ 1]
HN
u %CH
H;C o N N,
NN TN T AN Xy
N~
OH
0
45551 456 [M+1]*
HN
u %CH
H;C NP N
hd B
CH; N. /
OH
0

43947 440 M+ 11"
O HN
CK/H %CH
N N
\( ™ AN N

OH
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Molecular LCMS (ES)
Structure Weight m/z

/@\ 409.44 410 M +17*
HN
X

A/g . it
N __#
OH
0
36676 367 M+ 1]
HN cl
HO N
\( X XN
N _A
OH
0
399.40 400 [M + 1]
H;C
~
0 HN [
| Ncu
HN N
N_A
0
S,

0
O NH, /@\ 450.88 451 [M +1]*
HN cl

CH;
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Molecular LCMS (ES)

Structure Weight m/z
Cl 45094 451 M +1]*
HN
S N,
T AN \N
N P
O
\CH3
(6]
HoN O 436.85 437 [M+1]"
HN Cl
HN N,
N F
OH
(6]
HO (0] 437.84 438 M +1]*
HN Cl
HN N,
N, P
OH
(6]
Cl 43691 437 M +1]*
HN
S N,
N P
OH
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Molecular LCMS (ES)

Structure Weight m/z
32433 325 [M+1]"
HiC
w HN
O N
\( T XN
N, F
OH
e}
f 33536 336 [M+1]"
i HN
HN N,
\( RN \N
/
OH
¢}
f 385.42 386 [M+1]"
HN
N x
N L
OH
¢}
f 37139 372 [M+1]*
HN
N N,
N P
OH
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TABLE 1C-continued

Molecular LCMS (ES)

Structure Weight m/z
F 407.37 408 [M +1]*
HN F
N ox
N P
OH
e}
389.38 390 M +1]*
HN F
N_ ¥
e T AN R N
N P
OH
e}
O\ 40142 402 M +1]*
HN O
H
N N, CH;
N V%
OH
¢}
38641 387 M +1]*
N Xy [ ]
N_ X
N L
OH
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Molecular LCMS (ES)
Structure Weight m/z

38542 386 [M+1]*
HN

N N
V/T\ \N
N FHA

OH
O
[Oj 36539 366 [M+1]*
N
N_ ¥
e T A AN N
N /
OH
O
F 45488 455 M +1]*
HN Cl
H;C § N.
3
\T/\/ T RN 2 N
CH; N /
OH
O
F 523.00 524 [M+1]*
HN Cl
N % N
\/\/ Y R N N
CH;3 N /
OH
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Molecular LCMS (ES)
Structure Weight m/z

47487 475 [M+1]*

\
?2

| I
N N
\ T R \N
N7
on
0
F 47187 4T2[M+1T*
HC /@i
~o0 HN c
H,C J\/§ N
3
N~
on

463.85 464 [M+1]*

jan}

Z,

% E e}
@] o]

i g N
N/ | \( A \N
\ N F
H;C oH
0
F 47487 475 [M+1]*
N /@i
=z HN Cl
oo
Y Y s N
N /
OH
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Molecular LCMS (ES)

Structure Weight m/z
F 47487 475 M +1]"
NZ HN” : :c1
e &
AN \( N X
N /
OH
(@]
40742 408 [M +1]"
HN
N
\( N XMy
N /

OH

f 34040 341 [M+1]*

HN
S N
H3C/\(\ xy
Ne_A
o
cH,
o)

CH; 36642 367 [M+1]*

o
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Molecular LCMS (ES)

Structure Weight m/z
f 29530 296 [M+1]"
HN
H,N. N
\( x \N
N P
OH
¢}
f 337.38 338 [M+1]"
HN
N ox
ch/\/ \( AN
N

OH

f 30032 310 [M+1]*

OH

f 32335 324 [M+1]*

OH
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Molecular LCMS (ES)
Structure Weight m/z

39933 400 [M +1]*
F
HN
F
N, F

\(\ SN

NS

f 38641 387 [M+1]"
N7 HN
e
AN \(\ Xx
N _~
OH
o

f 33935 340 M+ 1]

38641 387 [M+1]*
s e

N HN
N x
AN Y\ Ny
N _#

OH
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Molecular LCMS (ES)
Structure Weight m/z

f 39945 400 [M +1]*

HN

N N
\(\ \N
N FH

f 33738 338 [M+1]*
H,C N N,

AN

OH

s

CH; N

OH

f 43939 440 [M+ 1]
HN

e
Z

OH

38641 387 [M+1]*
N
/

OH

f 405.84 406 [M+1]*

Cl N N,

OH
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Molecular LCMS (ES)
Structure Weight m/z

f 40737 408 [M+1]*

F HN
F. % N
\(\ \N
N P

OH

f 35338 354 M+ 1]

OH

f 40845 409 [M+1]*

OH

f 36740 368 [M+ 1]

OH
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Molecular LCMS (ES)
Structure Weight m/z

39945 400 [M +1]*

H;C HN
N o~
Y
N A
OH
0

f 39545 396 [M+1]*

HN

H
N NP NG
TN

CH; Z

H;C

ﬁ 37941 380 [M+ 1]

OH

f 38143 382 [M+1]*
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Process 15

CF;3

3-(cyclopropylamino)-5-(3-(trifluoromethyl)pheny-

lamino)pyrimido[4,5-c]quinoline-8-carboxylic acid (20 mg)
was mixed with 2 equivalent of an appropriate primary amine
in NMP (0.5 ml). HOBt (14 mg), triethylamine (13 ul) and
EDCI (18 mg) were added and the mixture was stirred at 70°
C. for 1 hour. Water and HC] were added and the material was
isolated by filtration. This protocol was used to prepare com-
pounds shown in table 1D

TABLE 1D
LCMS
Structure MW (ES) m/z
438.41 439
M+1]+
F
HN
F
HN N, F
\( AN A N
N F
NH,
¢}
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TABLE 1D-continued
LCMS
Structure MW (ES) m/z
478.47 479
M+1]+
F
HN
F
HN N. F
T X7 ™Y
N /
H
NW
O
45243 453
M+1]+
F
HN
F
N. F
N
e
O

N
e

Process 16

AL

3-(cyclopropylamino)-5-(3-(trifluoromethyl)pheny-
lamino)pyrimido[4,5-c]quinoline-8-carboxylic acid (100
mg, 0.23 mmol) was reacted with diphenylphosphoryl azide
(50 ul, 0.23 mmol) and triethylamine (34 ul, 0.23 mmol) in
isopropanol (8 ml). The mixture was stirred at 95° C. for 3
hours. The solvents were removed and the residue partitioned
between water and ethylacetate. The organic layer was dried
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over Na,SO, and the solvents removed in vacuo. Addition of
CH,Cl, induced formation of a solid that was filtered off and
dried to afford isopropyl 3-(cyclopropylamino)-5-(3-(trifluo-
romethyl)phenylamino)pyrimido[4,5-c]quinolin-8-ylcar-
bamate. LCMS (ES): 90% pure, m/z 497 [M+1].

Example 2

Processes for Synthesizing Compounds of Formulae
V, V1, VII and VIII

Process 1

5 Br 5 Br

2-bromo-3-thiophene carboxylic acid (1.0 eq, 12.56 g,
60.66 mmol) was suspended in CH,Cl, (200 ml). Oxalyl
chloride (1.1 eq, 5.9 ml, 67.16 mmol) and 5 drops of DMF
were added, inducing formation of gas. The mixture was
stirred overnight at room temperature and the volatiles were
removed in vacuo. The resulting solid was suspended in dry
methanol (150 ml) and the mixture heated to ebullition.
Evaporation of the solvents afforded methyl 2-bromo-3-
thiophene carboxylate (13.16 g, 98% yield) as a crude brown
oil. LCMS (ES): 99% pure, m/z not detected;

'HNMR (CDCls;, 400 MHz) & 3.88 (s, 3H), 7.23 (d, J=5.6,
1H), 7.56 (d, J=5.6, 1H) ppm.

Process 2
O
CH;
/ o~
| +
5 Br
NH,*HCI
(HO),B
O —_—
@)
cn,
O
/ | NH
S
O
(@]
em,

In a microwave vessel, methyl 2-bromo-3-thiophene car-
boxylate (1.0 eq, 260 mg, 1.18 mmol), 2-amino-4-(methoxy-
carbonyl)phenylboronic acid hydrochloride (1.1 eq, 300 mg,
1.30 mmol), sodium acetate (3.0 eq, 292 mg, 3.56 mmol) and
PdCl,(dppf) (0.05 eq, 31 mg, 0.059 mmol) were mixed
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together in anhydrous DMF (2 ml). The mixture was heated in
a microwave oven at 120° C. for 10 nm. Water was added and
the solid filtered and dried. The material was suspended in
CH,Cl,, filtered and dried to afford methyl 4-0x0-4,5-dihy-
drothieno[3,2-c]quinoline-7-carboxylate as a yellow solid
(152 mg, 50% yield). LCMS (ES): 95% pure, m/z 260
[M+1]%;

'HNMR (CDCl,, 400 MHz) 8 3. 99 (s, 3H), 7.54 (d, I=5.2,
1H),7.79 (d, J=4.8, 1H), 7.86 (d, J=8.4, 1H), 7.91 (dd, J=8 4,
J=1.6, 1H), 8.03 (d, J=1.2, 1H) ppm.

Process 3

NH

CH;

NH

OH

Methyl 4-o0x0-4,5-dihydrothieno[3,2-c]quinoline-7-car-
boxylate (1.0 eq, 618 mg, 2.38 mmol) was suspended in 10 ml
of'a mixture of MeOH, THEF, and water (1:1:1, v:v:v). LiOH
(2.0 eq, 114 mg, 4.76 mmol) was added and the mixture was
stirred at room temperature for 2 hours. An additional amount
of LiOH (114 mg) was added and the mixture was stirred for
an hour. LiOH (50 mg) was added and the mixture stirred for
an additional 2 hours. Water was added and the solution
filtered through a pad of celite. The pad of celite was thor-
oughly washed with aqueous 1 N NaOH. The solution was
acidified with 6 N aqueous HCl to induce precipitation of the
expected material. Filtration and drying afforded 4-oxo-4,5-
dihydrothieno[3,2-c]quinoline-7-carboxylic acid as a yellow
solid (562 mg, 96% yield). LCMS (ES): 95% pure, m/z 246
[M+1]%; '"H NMR (DMSO-dg, 400 MHz) 8 7.61 (d, J=5.2,
1H), 7.73 (dd, J=1.6, ]=8.0, 1H), 7.88 (d, J=5.6, 1H), 7.92 (d,
J=8.4,1H),8.02(d,J=1.6,1H),11.92 (s, 1H), 13.21 (br. s, 1H)
ppm.

Process 4

NH

OH
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-continued

NH

OH

4-0x0-4,5-dihydrothieno|3,2-c]quinoline-7-carboxylic

acid (1.0 eq, 38 mg, 0.155 mmol) was suspended in dioxane
(1ml). LiAlH, (7.0 eq, 40 mg, 1.05 mmol) was added and the
mixture stirred at 100° C. for 45 nm. Water was added, then
MeOH and CH,Cl,. The solid salts were filtered off and
washed with MeOH and CH,Cl,. After evaporation of the
volatiles in vacuo, the material was dissolved in a mixture of
NMP, MeOH and water and was purified by preparative
HPLC. Genevac evaporation afforded 7-(hydroxymethyl)
thieno[3,2-c]quinolin-4(5SH)-one as an oft-white solid (12
mg, 34%). LCMS (ES): 95% pure, m/z 232 [M+1]*; "THNMR
(DMSO-dg, 400 MHz) & 4.56 (s, 2H), 7.15 (d, I=7.6, 1H),
7.39 (brs, 1H), 7.55 (d,J=5.2, 1H), 7.73 (d, J=5.2, 1H), 7.76
(d, J=8.0, 1H), 11.73 (s, 1H) ppm.

Process 5
(€]
/ | NH
S
(@)
cn,
(6]
(€]
/ NH
Br |
S
O
~cm,
(6]
Methyl 4-ox0-4,5-dihydrothieno[3,2-c]quinoline-7-car-

boxylate (1.0 eq, 17 mg, 0.066 mmol) was suspended in a
mixture of chloroform (0.3 ml) and acetic acid (0.1 ml). NBS
was added (9.5 eq, 112 mg, 0.63 mmol) and the mixture
stirred at 70° C. for 16 hours. Water and aqueous ammonia
was added and the material was extracted with CH)Cl, (2x).
The combined extracts were dried over Na,SO, and the sol-
vent removed in vacuo to provide methyl 2-bromo-4-ox0-4,
5-dihydrothieno[3,2-c]quinoline-7-carboxylate (17 mg,
76%). LCMS (ES): >85% pure, m/z 338 [M]*, 340 [M+2]™;
'H NMR (CDCl,/CD,0D, §: 1, 400 MHz) & 3.99 (s, 3H),
7.30 (m, 1H), 7.69 (d, I=8.4, 1H), 7.45 (m, 1H), 7.88 (br d,
J=8, 1H), 8.05 (br s, 1H) ppm.
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Process 6
(6]
/ NH
Br |
—_—
S
O
~cu,
(6]
(€]
/ NH
Br |
S
OH
(6]
Methyl 2-bromo-4-ox0-4,5-dihydrothieno[3,2-c]quino-

line-7-carboxylate (1.0 eq, 17 mg, 0.050 mmol) was sus-
pended in a 1:1:1 mixture of MeOH/THF/water (0.6 ml).
LiOH (39 mg) was added and the mixture stirred at room
temperature for one hour. Water and 6N HC1 was added and
the resulting precipitate was filtered. The material was puri-
fied by preparative HPL.C. Genevac evaporation provided
2-bromo-4-ox0-4,5-dihydrothieno[3,2-c]quinoline-7-car-
boxylic acid as a solid (2.1 mg, 13% yield). LCMS (ES):
>95% pure, m/z 324 [M]*, 326[M+2]*; "HNMR (DMSO-d,,
400 MHz) 8 7.75 (s, 1H), 7.75 (dd, J=1.6, J=8.0, 1H), 7.90 (d,
J=8.4, 1H), 8.03 (d, J=1.6, 1H), 12.06 (s, 1H) ppm.

Process 7

NH

NH

NH,

In a closed vessel, Methyl 4-0x0-4,5-dihydrothieno|3,2-c]
quinoline-7-carboxylate (44 mg, 0.170 mmol) was suspended
in concentrated aqueous ammonia (1 ml). The mixture was
stirred at 100° C. overnight. Aqueous 1N NaOH was added
and the mixture stirred at room temperature for 2 hours. The
solid was filtered and dried to provide 4-oxo-4,5-dihy-
drothieno[3,2-c]quinoline-7-carboxamide as a brown solid
(13 mg, 32% yield). LCMS (ES): 95% pure, m/z 245 [M+1]".
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Process 8
O
NH,
CH;
/ o~ (HO),B
| \ _.
5 Br
O
NH

In a microwave vessel, methyl 2-bromo-3-thiophene car-
boxylate (1.0 eq, 64 mg, 0.29 mmol), 2-amino phenyl boronic
acid (1.2 eq, 48 mg, 0.35 mmol), sodium acetate (3.0 eq, 71
mg, 0.86 mmol) and PdC1,(dppf) (0.1 eq, 15 mg, 0.028 mmol)
were mixed together in anhydrous DMF (0.2 ml). The mix-
ture was heated in a microwave oven at 120° C. for 5 nm. The
material was purified by preparative HPL.C. Acetonitrile was
evaporated, and the compound was extracted with CH,Cl,
(3x). The combined extracts were washed with water, dried
over Na,SO,, and the solvents removed in vacuo. Recrystal-
lization in EtOH provided thieno|[3,2-c]quinolin-4(5H)-one
as atan crystalline solid (7 mg, 12% yield). LCMS (ES): 95%
pure, m/z 202 [M+1]*; 'H NMR (CDC1,/CD,OD, §: 1, 400
MHz) 8 7.28 (m, 1H), 7.33 (m, 1H), 7.43-7.50 (m, 2H), 7.74
(d, J=4.4, 1H), 7.82 (d, J=7.6, 1H) ppm

Process 9
(€]
CH;
adhi
| ;
5 Br
NH,-HCl
(HO),B
R —
Xy
(€]
/ | NH
S
X
\ N
In a microwave vessel, methyl 2-bromo-3-thiophene car-

boxylate (1.0 eq, 250 mg, 1.13 mmol), 2-amino-3-cyanophe-
nyl boronic acid HCI (1.1 eq, 250 mg, 1.24 mmol), sodium
acetate (3.0 eq, 278 mg, 3.39 mmol) and PdCl,(dpp{) (0.007
eq, 4.3 mg, 0.0082 mmol) were mixed together in anhydrous
DMF (2.5 ml). The mixture was heated in a microwave oven
at 120° C. for 10 nm. Water was added and the material
extracted with CH,Cl,. The organic extracts were washed
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with brine, dried over Na,SO,, and the solvents removed in
vacuo. The resulting solid was sonicated in AcOEt, filtered
and dried to afford 4-0x0-4,5-dihydrothieno[3,2-c]quinoline-
7-carbonitrile as a beige solid (121 mg, 48% yield).
LCMS (ES): 95% pure, m/z 227 [M+1]*.

Process 10

NH

Ny
O
/ | NH
S

H
N

[~

Nee N//

4-0x0-4,5-dihydrothieno|[3,2-c]quinoline-7-carbonitrile
(1.0 eq, 20 mg, 0.088 mmol) was dissolved in anhydrous
DMF (0.15 ml). Sodium azide (4.0 eq, 23 mg, 0.354 mmol)
and ammonium chloride (4.0 eq, 19 mg, 0.354 mmol) were
added and the mixture stirred at 120° C. overnight. The reac-
tion mixture was cooled down and water was added. Addition
of'aqueous 6N HCl induced formation of a precipitate. After
filtration and drying in vacuo, 7-(1H-tetrazol-5-yl)thieno[3,
2-c]quinolin-4(5H)-one was isolated as a greenish solid (18
mg, 76% yield)). LCMS (ES): 95% pure, m/z 270 [M+1]*,
242 [M+1-N,]*; '"H NMR (DMSO-d,, 400 MHz) 8 7.64 (d,
J=5.2, 1H), 7.86 (dd, J=1.6, J=8.4, 1H), 7.89 (d, I=5.2, 1H),
8.09 (d, I=8.0, 1H), 8.16 (d, J=1.6, 1H), 12.03 (s, 1H) ppm.

Process 11

NH
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Methyl 4-ox0-4,5-dihydrothieno[3,2-c]quinoline-7-car-
boxylate (1.0 eq, 18 mg, 0.069 mmol) was dissolved in anhy-
drous DMF (0.4 ml). K,COj; (7.0 eq, 70 mg, 0.506 mmol) and
3-bromo-1-propanol (16 eq, 100 ul, 1.144 mmol) were added
and the mixture stirred at 100° C. for 1.5 hour. After adding
water, the mixture was extracted with CH,Cl,. The combined
extracts were dried over Na,SO, and the solvents removed in
vacuo. Compounds 8 and 9 were separated by preparative
TLC on silica gel (eluted twice with 30% AcOFt in hexanes,
then once with 50% AcOEt in hexanes). The less polar com-
pound is methyl 4-(3-hydroxypropoxy)thieno[3,2-c]quino-
line-7-carboxylate (12 mg). LCMS (ES): 80% pure, m/z 318
[M+1]*. The more polar compound is methyl 5-(3-hydrox-
ypropyl)-4-0x0-4,5-dihydrothieno[3,2-c]quinoline-7-car-
boxylate (19 mg). LCMS (ES): 80% pure, m/z 318 [M+1]*.
The two compounds were used for the following step without
any further purification.

Process 12

OH
(6]

Methyl 5-(3-hydroxypropyl)-4-ox0-4,5-dihydrothieno[3,
2-c]quinoline-7-carboxylate (1.0 eq, 19 mg, 0.060 mmol)
was dissolved in a 1:1:1 mixture of THF, MeOH and water
(0.5 ml). LiOH (40 mg) was added and the resulting mixture
stirred at room temperature for 1.5 hours. Water, MeOH and
HCI were added and the solution purified by preparative
HPLC. Genevac evaporation afforded 5-(3-hydroxypropyl)-
4-0x0-4,5-dihydrothieno[3,2-c]quinoline-7-carboxylic acid
as a white solid (4 mg, 22% yield). LCMS (ES): 95% pure,
m/z 304 [M+1]*. "H NMR (CDC1,/CD,0D, §: 1, 400 MHz)
82.08 (qi, J=6.0, 2H), 3.61 (t, ]=5.2, 2H), 4.62 (t, J=6.0, 2H),
7.53 (d, J=5.2, 1H), 7.77 (d, J=5.2, 1H), 7.93 (d, J=8.0, 1H),
7.99 (dd, J=1.2, I=8.4, 1H), 8.26 (d, J=0.8, 1H) ppm.
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Methyl 4-(3-hydroxypropoxy)thieno[3,2-c]quinoline-7-
carboxylate was prepared according to the procedure used in
process 12. 4-(3-hydroxypropoxy)thieno[3,2-c]quinoline-7-
carboxylic acid was isolated as a solid (3 mg, 26% yield).
LCMS (ES): 95% pure, m/z 304 [M+1]*.

Process 14
(@]
/ | NH
S —_—

cn,
0 TH3
N
/ | NN e
S
o
cn,

Methyl 5-(2-(dimethylamino)ethyl)-4-oxo0-4,5-dihy-
drothieno[3,2-c]quinoline-7-carboxylate ~ was  prepared
according to the procedure used in process 11 starting from
methyl 4-0x0-4,5-dihydrothieno[3,2-c]quinoline-7-carboxy-
late and 2-dimethylaminoethyl chloride. LCMS (ES): 95%
pure, m/z 331 [M+1]*.

Process 15
0 TH;
N
ahhE
S —_—
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0 TH3
N CF;CO,H
ahhe
S
OH

5-(2-(dimethylamino )ethyl)-4-ox0-4,5-dihydrothieno|[3,
2-c]quinoline-7-carboxylic acid was prepared according to
the procedure used in process 12. Preparative HPLC and
genevac evaporation provided the material as a TFA salt.

LCMS (ES): 95% pure, m/z 317 [M+1]*, '"H NMR
(CDCl,/CD,0D, 8: 1,400 MHz) 8 3.06 (s, 6H), 3.50 (t, J=7.6,
2H), 4.88 (t, J=7.6, 2H), 7.53 (d, ]=5.2, 1H), 7.73 (d, J=5.6,
1H), 7.89 (d, J=8.4, 1H), 7.95 (brd, J=8.4, 1H), 8.2 (br s, 1H)
ppm.
Process 16

/ | NH
S —_—
O
cn,
(6]
Methyl 4-ox0-4,5-dihydrothieno[3,2-c]quinoline-7-car-

boxylate (1.0 eq, 1.50 g, 5.79 mmol) was suspended in dry
toluene (15 ml). POCI; (1.2 eq, 0.64 mmol, 6.99 mmol) and
DIEA (0.8 eq, 0.81 mmol, 4.65 mmol) were added and the
mixture vigorously stirred at 120° C. for 3 hours under nitro-
gen atmosphere. The mixture was hydrolyzed by addition of
ice and water. The compound was extracted with CH,Cl,
(4x). The combined extracts were dried over Na,SO, and the
black solution filtered through a pad of celite. After evapora-
tion of the volatiles in vacuo, the resulting solid was triturated
in a mixture of AcOEt and hexanes. Filtration and drying
provided methyl 4-chlorothieno[3,2-c]quinoline-7-carboxy-
late as a yellow fluffy solid (1.14 g, 71% yield). LCMS (ES):
95% pure, m/z 278 [M+1]", 'H NMR (CDCl,, 400 MHz) 8
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4.01 (s, 3H), 7.72 (d, J=4.8, 1H), 7.74 (d, I=5.2, 1H), 8.14 (d,
J=8.4, 1H), 8.25 (d, =8 4, 1H), 8.85 (d, I=1.6, 1) ppm1.

Process 17

NH

4-chlorothieno[3,2-c]|quinoline was prepared according to
the procedure used in process 16, starting from thieno[3,2-c]
quinolin-4(5H)-one. 4-chlorothieno|3,2-c|quinoline was iso-
lated as a solid (71 mg, 93% yield). LCMS (ES): 95% pure,
m/z 220 [M+1]%, 223 [M+3]™".

Process 18
(@]
/ NH
S |
NS

4-chlorothieno[3,2-c]|quinoline-7-carbonitrile was pre-
pared according to the procedure used in process 16. 4-chlo-
rothieno[3,2-c]quinoline-7-carbonitrile was isolated as a yel-
low flufty solid (833 mg, 77% yield). LCMS (ES): 95% pure,
m/z 245 [M+1]%, 247 [M+3]".

Process 19




US 9,062,043 B2

139

-continued

4-chlorothieno[3,2-c]quinoline-7-carbonitrile (1.0 eq, 23
mg, 0.094 mmol), aniline (0.1 ml) and NMP (0.1 ml) were
mixed in a vial. The mixture was heated in a microwave oven
at 120° C. for 10 nm. Water was added and the resulting solid
4-(phenylamino)thieno[3,2-c]quinoline-7-carbonitrile  was
filtered and dried. LCMS (ES): 95% pure, m/z 302 [M+1]".

Process 20

NH,

4-(phenylamino)thieno[3,2-c|quinoline-7-carbonitrile (34
mg, 0.113 mmol) was dissolved in NMP (0.3 ml). 30% aque-
ous H,0, (0.2 ml) was added followed by addition of 6N
NaOH (50 ul). The mixture was stirred at 50° C. for 2 hours.
An extra amount of 30% aqueous H,O, (0.3 ml) and 6N
NaOH (100 ul) were added and a 70% conversion was
achieved after 30 min. Water was added and the solid filtered
and dried. The material was further reacted under the same
conditions in order to achieve a complete transformation.
4-(phenylamino)thieno[3,2-c]quinoline-7-carboxamide was
isolated as solid (30 mg, 83% yield). LCMS (ES): 95% pure,
m/z 320 [M+1]".

10

15

20

25

30

35

40

45

50

55

60

65

140

Process 21

NH,

4-(phenylamino)thieno[3,2-c]quinoline-7-carboxamide

(28 mg, 0.088 mmol) was suspended in N,N-dimethylforma-
mide dimethylacetal and the mixture stirred at 80° C. under
nitrogen atmosphere for 2 hours. The volatiles were removed
in vacuo. Acetic acid (0.5 ml) and anhydrous hydrazine (0.1
ml) and the mixture stirred at 115° C. for 1 hour. Water and
brine were added and the solid filtered. The material was
purified by preparative HPL.C. Genevac evaporation and tritu-
ration in AcOEt/hexanes afforded N-phenyl-7-(4H-1,2.4-
triazol-3-yl)thieno[3,2-c]quinolin-4-amine as an off-white
solid (9 mg, 30% yield). LCMS (ES): 94% pure, m/z 344
[M+17*.

Process 22
HN
/ | = N _
S
NS
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>:O
N\O

4-(phenylamino)thieno[3,2-c|quinoline-7-carbonitrile
(1.0eq, 27 mg, 0.0897 mmol) and hydroxylamine hydrochlo-
ride (10 eq, 62 mg, 0.892 mmol) and K,CO; (10 eq, 124 mg,
0.896 mmol) were mixed in EtOH (0.5 ml) and the mixture
heated under microwave at 100° C. for 10 min. The solid were
removed by filtration and washed with EtOH. The solvents
were removed in vacuo. The crude material was suspended in
chloroform (0.5 ml). Ethyl chloroformate (20 ul) and triethy-
lamine (20 ul) were added and the mixture stirred at room
temperature for 10 min. CH,Cl, was added and the organic
phase was washed with brine. The organic phase was dried
over Na,SO, and the solvent removed. The crude material
was suspended in NMP (1 ml) and heated under microwave at
160° C. for 10 min. The material was purified by preparative
HPLC. Genevac evaporation afforded 3-(4-(phenylamino)
thieno[3,2-c]|quinolin-7-yl1)-1,2,4-oxadiazol-5(4H)-one as an
off-white solid (7 mg, 22% yield).

LCMS (ES): 95% pure, m/z 361 [M+1]*.

Process 23

10

15

20

25

30

35

40

45

50

55

60

65

142

-continued

4-chlorothieno[3,2-c]|quinoline-7-carbonitrile (1.0 eq, 23
mg, 0.094 mmol), aniline (0.1 ml) and NMP (0.1 ml) were
mixed in a vial. The mixture was heated in a microwave oven
at 120° C. for 10 nm. Water was added and the resulting solid
4-(phenylamino)thieno[3,2-c]quinoline-7-carbonitrile  was
filtered and dried. LCMS (ES): 95% pure, m/z 302 [M+1]™*.
This material was mixed in a vial with DMF (0.5 ml), NH,Cl
(50 mg) and NaN; (50 mg). The mixture was stirred at 120° C.
for 3 hours. After addition of water and filtration, N-phenyl-
7-(1H-tetrazol-5-yl)thieno[3,2-c]quinolin-4-amine was iso-
lated as a beige solid (13 mg, 41% yield). LCMS (ES): 95%
pure, m/z 345 [M+1]*, 317 [M+1-N,|*. '"H NMR (DMSO-d,,
400 MHz) 8 7.07 (t,J=7.2, 1H), 7.40 (t, J=7.6, 2H), 8.00 (dd,
J=1.6,]=8.4, 1H), 8.04 (d, J=5.2, 1H), 8.10 (dd, J=1.2,]=8.8,
2H), 8.19 (d, I=8.0, 1H), 8.25 (d, J=5.6, 1H), 8.43 (d, J=1.6,
1H), 9.34 (s, 1H) ppm.

Representative analogs (Table 1C) were prepared by the
same method using 4-chlorothieno[3,2-c]quinoline-7-carbo-
nitrile and appropriate amines. The reaction temperatures
used for the microwave reactions ranged from 120° C. to 180°
C. After synthesis of the tetrazoles, the materials were iso-
lated by preparative HPLC/genevac evaporation. In some
instances, the materials precipitated after addition of water to
the reaction mixture and were isolated by filtration.

TABLE 1C
LCMS
Structure M. W. (ES)m/z
339.42 340
M+ 11"
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LCMS LCMS
Structure M.W. (ES)mz 3 Structure M. W. (ES)m/z
362.38 363 408.86 409
M+ 17" M+ 17"
10 CH;
15
20
404.45 405
396.83 397 M+ 11"
M+ 17"
25
30
35
428.39 429
- 37442 375 M +1]*
i M+ 1]
40
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a M+1]* M+1]*
CH;
60
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LCMS LCMS
Structure M.W. (ES)mz ;5 Structure M.W. (ES)m/z
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o—CHs
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45052 451
M+ 1]
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M+1]* 55
o—CHs
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LCMS LCMS
Structure M.W. (ES)mz 3 Structure M. W. (ES)m/z
412.39 413 401.44 402
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15
20
374.42 375 42347 424
M+ 17" M+ 17"
25
g—NH;
30
35
386.47 387 401.44 402
M+ 1] M+ 17"
CH;
40
CH; N
H 0
45
50
378.84 379 423.29 424
M+ 1] M+ 17"
55
ClL Br
60

65




US 9,062,043 B2

TABLE 1C-continued TABLE 1C-continued
LCMS LCMS
Structure M.W. (ES)mz 3 Structure M. W. (ES)m/z
362.38 363 372.45 373
M+ 17" M+ 17"
CH;
10
F
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CH;
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35
Cl 446.84 447
369.40 370 M+1]
M+ 1]
[ 1 0 F
HN
F
X
45
50
388.45 389 CH; 388.45 389
M+1]*" 55 M+1]"
CH;
CH;
60

65




US 9,062,043 B2

151 152
TABLE 1C-continued TABLE 1C-continued
LCMS LCMS
Structure M.W. (ES)m/z Structure M. W. (ES)m/z
5
388.40 389 368.41 369
M +1]* M +1]*
HN
10 %CH

S
15
N
= \
N
N ¥/
H N
20
0 402.43 403
M+ 17+
F 38037 381
M+ 17"
HN O 25
30
35
CH; 353.44 354
N7 M+ 17+
CH;
HN
40 Process 24
a N
S
45
N
\N
\ 7
N—N Cl HN
50
cl 396.83 397 | . |
M+ 1]+
M+1] S S
55
60

4-chlorothieno[3,2-c]|quinoline (23 mg) was mixed with

aniline (0.1 ml) and NMP (0.1 ml) and the mixture was heated

in a microwave oven at 120° C. for 10 min. NMP (0.8 ml) was

added and the compound purified by preparative HPLC.

65 Genevac evaporation afforded N-phenylthieno[3,2-c]quino-

lin-4-amine as a pinky solid (31 mg, quant.). LCMS (ES):
95% pure, m/z 277 [M+1-1]".




US 9,062,043 B2

153

Process 25

«CF;CO,H
\ N

N1,N1-dimethyl-N2-(thieno| 3,2-c]quinolin-4-yl)ethane-
1,2-diamine was prepared according to the procedure in pro-
cess 24 using N,N-dimethyl ethylene diamine. Preparative
HPLC and genevac evaporation afforded the expected mate-
rial as a TFA salt. LCMS (ES): 95% pure, m/z 272 [M+1]".
Process 26

Cl

'CF3COZH

4-chlorothieno[3,2-c]quinoline-7-carboxylate (10 mg,
0.036 mmol) was suspended in NMP (0.1 ml) and 3-aminom-
ethylpyridine (0.1 ml). The mixture was heated in a micro-
wave oven at 120° C. for 10 nm. The reaction mixture was
dissolved in a mixture of NMP and MeOH and the ester
intermediate purified by preparative HPLC. After genevac
evaporation of the solvents, the resulting solid was dissolved
in a 1:1 mixture of THF and MeOH (0.6 ml). SN aqueous
LiOH (0.2 ml) was added and the mixture stirred at room
temperature for 17 hrs. Water and aqueous HCl were added
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and the solution of 4-(pyridin-3-ylmethylamino)thieno|3,2-
c]quinoline-7-carboxylic acid was purified by preparative
HPLC. Removal of the solvents by genevac evaporation pro-
vided compound 4-(pyridin-3-ylmethylamino)thieno[3,2-c]
quinoline-7-carboxylic acid as a white solid (10 mg, 62%
yield). LCMS (ES): 95% pure, m/z 336 [M+1]*. '"H NMR
(CDCl;, 400 MHz) 8 5.23 (s, 2H), 7.71-7.78 (m, 4H), 8.11 (d,
J=5.6, 1H), 8.47 (d, J=8.0, 1H), 8.49 (d, J=0.8, 1H), 8.62 (d,
J=5.2, 1H), 8.97 (s, 1H) ppm.

Representative analogs (Table 2) were prepared by the
same method, using 4-chlorothieno[3,2-c]quinoline-7-car-
boxylate and appropriate amines. The reaction temperatures
used for the microwave reactions ranged from 120° C. to 180°
C. After hydrolysis of the esters, the materials were isolated
by preparative HPLC/genevac evaporation. In some
instances, the materials precipitated after acidification of the
hydrolysis mixture and were isolated by filtration.

TABLE 2

LCMS

Structure M.W. (ES)m/z

302.35 303[M+1]*

288.32 289 [M+1]*

315.39 316[M+1]*
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TABLE 2-continued TABLE 2-continued
LCMS LCMS
Structure MW ES)mz 4 Structure M.W. (ES)m/z
\ 335.38 336[M+1]" CH; 350.39 351 [M+1]*
/ /
(@]
=N
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HO

.
32037 321 [M+1] 33636 337[M+1]
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OH
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357.43 358[M+1]* CH; 380.42 381 [M+1]*

CH;
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LCMS LCMS

Structure M.W. (ESmiz ;5 Structure MW.  (ES)mz
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LCMS LCMS
Structure M.W. (ES)m/z Structure M.W. (ES)m/z
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LCMS
Structure M.W. (ES)m/z
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Structure

LCMS
M.W. (ES)m/z

Cl

Cl

356.35 357[M +1]*

338.36 339[M +1]*

354.81 355[M+1]"

372.80 373[M+1]*
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LCMS
Structure M.W. (ES)m/z
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Structure

LCMS
M.W. (ES)m/z

HO

34439 345[M+ 1]

399.26 400[M +1]*

372.80 373[M+1]*
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LCMS
Structure M.W. (ES)m/z

Structure

LCMS
M.W. (ES)m/z
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/@\/ Cls

OH

388.36 389[M +1]*

34842 349[M +1]*

44626 447[M +1]*

356.35 357[M +1]*
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LCMS
LCMS Structure M.W. (ES)m/z
Structure M.W. (ES)m/z
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4 | X
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N\S/CH3
RN

4-(phenylamino)thieno|[3,2-c|quinoline-7-carboxylic acid
(6 mg) was reacted with methyl sulfonamide (120 mg), EDCI
(80 mg) and DMAP (20 mg) in anhydrous DMF (0.5 ml).
After 5 hours, water was added and the solution subjected to
preparative HPL.C. Genevac evaporation provided N-(meth-
ylsulfonyl)-4-(phenylamino)thieno[3,2-c]quinoline-7-car-
boxamide as a solid (6 mg, 81% yield).

LCMS (ES): 95% pure, m/z 398 [M+1]".
Process 28

0
/ NH
| .
S
OH
o
N
_
CH;
O/
0
H
0 N
N
H
AN

¢}

\ S ém

In a vial, 4-ox0-4,5-dihydrothieno[3,2-c]quinoline-7-car-
boxylic acid (1.0 eq, 20 mg, 0.081 mmol), N-hydroxybenzo-
triazole monohydrate (2.0 eq, 22 mg, 0162 mmol), para-
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methoxybenzylamine (2.0 eq, 21 ul, 0.162 mmol) and
triethylamine (2.0 eq, 23 ul, 0.165 mmol) were dissolved in
anhydrous DMF (0.5 ml). EDCI (2.0 eq 31 mg, 0.162 mmol)
was added and the reaction mixture was stirred at 70° C.
overnight. MeOH (0.5 ml) and water (2 ml) were added and
the resulting precipitate filtered and dried. The material was
triturated in AcOEt, filtered and dried to provide an off-white
solid (19 mg, 65% yield). LCMS (ES): 95% pure, m/z 365
[M+17*, "HNMR (DMSO-d, 400 MHz) § 3.71 (s, 3H), 4.40
(d, J=6.0, 2H), 6.88 (d, I=8.8, 2H), 7.24 (d, J=8.8, 2H), 7.60
(d, J=5.6, 1H), 7.69 (dd, J=1.6, J=8.0, 1H), 7.84 (d, J=5.6,
1H),7.90 (s, 1H), 7.91 (d, J=8.8, 1H), 9.11 (t, J=5.6, 1H) ppm

The following representative analogs (Table 3) were pre-
pared by these processes, using 4-0x0-4,5-dihydrothieno|[3,
2-c]quinoline-7-carboxylic acid and appropriate amines. In
some instances, the materials were purified by preparative
HPLC and were isolated as dry solids after Genevac evapo-
ration.

TABLE 3
LCMS
Structure M. W. (ES) m/z
(6] 315.39 316 [M+1]*

37244 373 [M+1]°

0
/ NH
S
0
N
H
0
H;C
H,C o

%

H;C
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TABLE 3-continued
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Structure

LCMS
M. W. (ES) m/z

%
{

4
{%%4
4
{%?
4
{%?

(6]
(0]
(6]
(6]
{2
(0]

O

H

NH
HN
(6]
NH
HN,
3C
AN
(6]
(6]
NH
HN>7
(6]
NH
HN,
[

H;C

N

32037 321 [M+1]°

31633 316 [M+ 1]

32738 328 [M+ 1]

38042 381 [M+ 1]
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TABLE 3-continued

Structure

LCMS
M. W. (ES) m/z

NH
O
HN
N/w
k/o
o]
NH
O
HN
[
/
o]
NH
O
HN
H;C
AN
(6]

40547 406 [M+1]*

32135 322 [M+1]*

350.39 351 [M+1]*
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TABLE 3-continued TABLE 3-continued
LCMS LCMS
Structure M. W. (ES) m/z 5 Structure M. W. (ES) m/z
o) 354.81 355 [M+1]" 0 31436 315 [M+1]*

Cl

~

e}

8
NS

33838 339 [M+1]"

35743 358 [M+ 1]
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NH

286.35

34941

287 [M+1]*

350 [M+1]*
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TABLE 3-continued
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TABLE 3-continued

Structure

LCMS
M. W. (ES) m/z

NH

NH

O\o

NH

H;C™ N\
CH,

302.35 303 [M+1]*

40847 409 [M+ 17T+

27232 273 M+ 1]
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Structure

LCMS
M. W. (ES) m/z

CH;

K

hv

0
\ / NH
0
HN
0
Z
\ / NH
0
%

35541 356 [M+1]*

284.33 285 [M+1]*

33439 335 [M+1]*



177
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Structure

LCMS
M. W. (ES) m/z

0
/ NH
S
0
HN,
O@
H3C/O

/
-

e}

o~

Hs

0
NH
(N
N)
0
Cﬂ(
cH
eyl

P 0
Q=

H
H;C > Io]

H;C

o

37840 379 M+ 1]

41349 414[M+17T+

42752 428 [M+1]+
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TABLE 3-continued

Structure

LCMS
M. W. (ES) m/z

NH

NH

&

.

36442 365 [M+ 1]

339.37 340 [M+1]*

335.38 336 [M+1]*
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TABLE 3-continued TABLE 3-continued
LCMS
LCMS Structure M. W. (ES) m/z
Structure M. W. (ES) m/z
5 0 467.56 468 [M + 1]+
0 34842 349 M+ 1] 7
/ NH
NH 8
10
(0]
(0]
15 AN,
HN
20
(N
S)
7\
25 0 \O

The following representative analogs (Table 4) were pre-
O 33538 336 [M+1]" pared from their corresponding methyl esters described in
30 Table 3. The compounds were prepared according to the

hydrolysis procedure utilized for compound 15.

NH
TABLE 4
LCMS (ES)
35 Structure M. W. m/z
0 0 364.37 365 [M +1]*
HN, 7
/ NH
40 S
/
N ]
N 0
45
HN,
(0]
50
0 33538 336 [M+1]" HO
0 302.31 303 [M+1]*
NH 7
/ NH
55 S

60

0
HN
HN
/
/ 65 Ho 0
NN
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The following representative analogs (Table 5) were pre-
pared from their corresponding tert-butyl esters or N-Boc
protected precursors described in Table 3. The precursors
were treated with 30% trifluoroacetic acid in CH,Cl, for 2
hours. Removal of the volatiles in vacuo afforded the
expected materials.

TABLE 5
LCMS (ES)
Structure M. W. m/z
[@] 327.40 328 M + 11"
/ NH
S
(0]
QN
N
(0] 313.37 314 M + 11"
/ NH
S
(0]
(N
N)
H
@] 316.33 317 M + 171
/ NH
S
(0]
N
H
i(}
HO
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Process 29
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ethyl 3-(7-(1H-tetrazol-5-yl)thieno[3,2-c]quinolin-4-
ylamino)benzoate (1.0 eq, 7.6 mg, 0.018 mmol) was sus-
pended in a 1:1:1 mixture of THF, MeOH and water. Lithium
Hydroxide was added (40 mg, 1.66 mmol) and the mixture
stirred at room temperature for one hour. Water and hydro-
chloric acid were added and the resulting solid filtered and
dried to afford 3-(7-(1H-tetrazol-5-yl)thieno[3,2-c]quinolin-
4-ylamino)benzoic acid as a solid. LCMS (ES): 95% pure,
m/z 389 [M+1]".

The following representative analogs (table 6) were pre-
pared by reacting 3-(7-(1H-tetrazol-5-yl)thieno|[3,2-c]quino-
lin-4-ylamino)benzoic acid and appropriate amines using the
procedure described in process 28. The materials were puri-
fied by preparative HPLC and were isolated as dry solids after
Genevac evaporation.
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TABLE 6
LCMS (ES)
Structure MW m/z
42950 430 [M+ 1]
N
N N New;
Ny ©

457.51 458 [M+ 17+

458.54 450 [M+ 1]+

45948 460 [M + 17+

s

CH;
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TABLE 6-continued

LCMS (ES)
Structure MW m/z
515.59 516 [M +1]*
I H;C
N O CH;
AN W
(0] (0] CH;3
\N
H
N
\N
N
N
F 47853 479 [M+ 1]
N N
41547 416 M+ 1]
CH;

42748 428 [M+17*
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TABLE 6-continued

LCMS (ES)
Structure MW m/z
CH;3 482.52 483 M+ 171"

44550 446 [M+ 17+

498.56 499 [M + 17+

Process 30 -continued
55 R
OH + HNR, ——=

60 / |\N

~ oHn
65
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The following representative analogs (table 7) were pre- using reaction conditions described in process 28. Hydrolysis
pared by reacting 3-(7-(methoxycarbonyl)thieno[3,2-c] of'the ester using conditions described in process 29 afforded
quinolin-4-ylamino)benzoic acid and the appropriate amines the following analogs.
TABLE 7
LCMS (ES)
Structure MW m/z

40547 406 [M +1]*

43348 434 [M+1]*

O

OH

43949 440 [M +1]*

42143 422 [M+1]*

PN
N
HN OH
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TABLE 7-continued

LCMS (ES)
Structure MW m/z

43451 435[M+1]*

44650 447 [M +1]*

491.56 492 [M +1]*
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TABLE 7-continued

LCMS (ES)
Structure MW m/z

39144 392 M +1]*

CH;

45849 450 [M +1]*
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TABLE 7-continued

LCMS (ES)
Structure MW m/z

47453 475 M +1]*

Process 31 -continued

OH + HNR, —

40

The following representative analogs (table 8) were pre-
pared by reacting 2-(3-(7-(methoxycarbonyl)thieno|3,2-c]
quinolin-4-ylamino)phenyl)acetic acid and the appropriate
amines using reaction conditions described in process 30.

TABLE 8

LCMS (ES)
Structure MW n/z

448 54 449 [M + 1]+
0 TH;
/\/N\
HN g CH;3

OH
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TABLE 8-continued
LCMS (ES)
Structure MW m/z

o 41748 418 [M +1]*

A

=z

39243 393 M+ 1]*

40547 406 [M +1]*

39144 392 M +1]*

CH;

=z
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Example 3

Processes for Synthesizing Compounds of Formulae
IX, X, XTI and X1I

Process 1

O O
N o /CH3 N o Vs
H2N4</ | — </ |
§ Br 5 Br

Methyl 2-amino-4-bromothiazole-4-carboxylate (1.0 eq,
100 mg, 0.42 mmol) was dissolved in anhydrous DMF (0.8
ml). The mixture was heated to 80° C. under nitrogen atmo-
sphere. To the hot mixture, a solution of tert-Butyl nitrite (1.2
eq, 60 ul, 0.50 mmol) in DMF (0.8 ml) was added dropwise.
After a few minutes, absence of gas evolution indicated
completion of the reaction. The mixture was cooled down and
poured onto a prepacked silica gel column. Flash chromatog-
raphy using hexanes, then AcOFEt/hexanes (2:8), provided
methyl 5-bromothiazole-4-carboxylate as a yellow solid (49
mg, 53% yield). LCMS (ES): 95% pure, m/z 222 [M]*, 224

CH;

[M+2]".
Process 2
OH NH,*HCI
O
B
N _CH; 1o~
/ O
< | + O —
5 Br
(0]
me”
O
N
</ | NH
S
(0]
(@]
e,

In a microwave vessel, methyl 5-bromothiazole-4-car-
boxylate (1.0 eq, 97 mg, 0.44 mmol), 2-amino-3-methoxy-
carbonyl phenyl boronic acid HCI (1.1 eq, 111 mg, 0.48
mmol), sodium acetate (3.0 eq, 107 mg, 1.31 mmol) and
PdCl,(dppf) (0.05 eq, 11 mg, 0.022 mmol) were mixed
together in anhydrous DMF (1 ml). The mixture was heated in
a microwave oven at 120° C. for 10 nm. Water was added and
the material extracted with CH,Cl,. The combined extracts
were washed with brine, dried over Na,SO,, and the solvents
removed by evaporation. The material was dissolved in a
mixture of CH,Cl, and MeOH and the solution filtered
through a pad of celite. Evaporation of the volatiles afforded
crude methyl 4-ox0-4,5-dihydrothiazolo[4,5-c]quinoline-7-
carboxylate as a black solid (44 mg, 39% yield). A small part
of the compound was subjected to preparative HPLC for
analytical purpose. LCMS (ES): 95% pure, m/z 261 [M+1]".
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Process 3
(@]
N NH
]
S
—_—
O
@)
cn,
O
N
NH
]
S

OH

Methyl 4-ox0-4,5-dihydrothiazolo[4,5-c]quinoline-7-car-
boxylate (35 mg, 0.12 mmol) and LiOH (60 mg, 0.83 mmol)
were stirred in a (1:1:1, v:v:v) mixture of THF, MeOH and
water (0.6 ml) for 2 hours. 6N aqueous NaOH was added and
the solution filtered through celite. The solution was acidified
and the resulting solid filtered. Preparative HPLC purification
and genevac evaporation provided 4-oxo-4,5-dihydrothia-
zolo[4,5-c]quinoline-7-carboxylic acid as a white solid (0.8
mg). LCMS (ES): 95% pure, m/z 247 [M+1]*.

Process 4

0
cH
N 3
/ o”
HZN{ | —_—
5 Br
0
cH
N 3
/ o”
AcHN4< |
5 Br

Methyl 2-amino-4-bromothiazole-4-carboxylate (1.0 eq,
2.0 g, 8.44 mmol) was dissolved in CH,Cl, (4 ml). Acetic
anhydride (1.5eq, 1.2 ml, 12.66 mmol) and triethylamine (1.1
eq, 1.3 ml, 9.28 mmol) were added and the mixture stirred at
100° C. for one hour. The resulting solid was filtered, tritu-
rated in AcOEt and then filtered again. After drying, methyl
2-acetamido-5-bromothiazole-4-carboxylate was isolated as
abeigesolid (1.81 g, 77% yield). LCMS (ES): 95% pure, m/z
280 [M+1]™".

'H NMR (CDCl;, 400 MHz) & 2.25 (s, 3H), 3.95 (s, 3H)
ppm.
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Process 5
(€]
CH.
e
AcHN‘< | +
5 Br
(|)H NH,+HCI
B
Ho””
O —
(0]
me”
(€]
N
NH
AcHN—</ |
S
O
Now,
(6]
Methyl  2-acetamido-4-ox0-4,5-dihydrothiazolo[4,5-c]

quinoline-7-carboxylate was prepared according to the pro-
cedure used in process 2, starting from methyl 2-acetamido-
5-bromothiazole-4-carboxylate. Methyl 2-acetamido-4-oxo-
4,5-dihydrothiazolo[4,5-c]quinoline-7-carboxylate was
isolated as a black solid (106 mg, 37% yield). LCMS (ES):
95% pure, m/z 318 [M+1]*.

Process 6

O
N NH
AcHN4</ |
S

CH;

e}

N
NH
AcHN‘</ |
S

OH
(6]

2-acetamido-4-0x0-4,5-dihydrothiazolo[4,5-c]quinoline-
7-carboxylic acid was prepared according to the procedure in
process 3, starting from. Methyl 2-acetamido-4-oxo-4,5-di-
hydrothiazolo[4,5-c]quinoline-7-carboxylate.-acetamido-4-
ox0-4,5-dihydrothiazolo[4,5-c]quinoline-7-carboxylic acid
was isolated as a black solid (14 mg, 44% yield). LCMS (ES):
95% pure, m/z 304 [M+1]*, '"HNMR (DMSO-d 450 MHz) 8
2.22 (s,3H),7.74 (dd, J=1.2,J=8.0, 1H), 7.89 (d, J=8.4, 1H),
8.03 (d, I=1.6, 1H), 12.07 (s, 1H), 12.80 (s, 1H) ppm.
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Process 7
O
/N NH
AcHN 4< |
S
—
OH
(@]
O
N
NH
HzN‘</ |
S

OH

2-acetamido-4-0x0-4,5-dihydrothiazolo[4,5-c]quinoline-
7-carboxylic acid (102 mg, 0.34 mmol) was stirred at 120° C.
in aqueous 6N HCl overnight. Water was added and the com-
pound was filtered and dried to provide 2-amino-4-0x0-4,5-
dihydrothiazolo[4,5-c]quinoline-7-carboxylic acid as a black
solid (76 mg, 86% yield). LCMS (ES): 95% pure, m/z 262
[M+1]*, '"H NMR (DMSO-d,, 400 MHz) 8 7.60 (d, ]=8.4,
1H),7.70(dd, J=1.2,J=8.0, 1H), 7.99 (d,J=1.2, 1H), 11.94 (s,

1H) ppm.
Process 8
(@]
N NH
]
S
—_—
O
@)
S,
ClL
N X
N
]
S
(0]
(@]
~em,

Methyl 4-ox0-4,5-dihydrothiazolo[4,5-c]quinoline-7-car-
boxylate (1.0 eq, 0.62 g, 2.38 mmol) was suspended in tolu-
ene. DIEA (1.5 eq, 122 ul, 3.57 mmol) and POCl; (2.3 eq, 507
ul, 5.47 mmol) were added and the mixture vigorously stirred
at 120° C. for 1 hour. Water, ice and CH,Cl, were added and
the resulting emulsion filtered through celite. The organic
phase was decanted and the aqueous phase further extracted
with CH,Cl,. The combined organic extracts were dried over
Na,SO, and the solvent removed in vacuo to afford methyl
4-chlorothiazolo[4,5-c]quinoline-7-carboxylate  (0.31 g,
47% yield). LCMS (ES): >90% pure, m/z 279[M+1]".
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Process 9
ClL
N x
N
]
S
—_—
(0]
[©)
i,
HN
N x
N
]
S
O
OH

In a microwave vessel, methyl 4-chlorothiazolo[4,5-c]
quinoline-7-carboxylate (1.0 eq, 23 mg, 0.084 mmol) and
aniline (13 eq, 0.1 ml, 1.1 mmol) were mixed in NMP (0.1
ml). The mixture was heated in a microwave oven at 120° C.
for 10 min. The intermediate ester was purified by preparative
HPLC and isolated as a solid after genevac evaporation. The
solid was stirred in a (1:1:1, v:v:v) mixture of THF, MeOH
and water (0.6 ml) with LiOH (41 mg) at room temperature
for 2 hours. HCI and water were added, the organic solvents
were evaporated and the solution allowed resting for 2 hours.
The precipitate that slowly formed was filtered and dried to
afford 4-(phenylamino)thiazolo[4,5-c]quinoline-7-carboxy-
lic acid as a solid (8% yield over 2 steps). LCMS (ES): >95%
pure, m/z 322 [M+1]*.

Representative analogs (Table 9) were prepared by the
same process using methyl 4-chlorothiazolo[4,5-c]quino-
line-7-carboxylate and appropriate amines. The reaction tem-
peratures used for the microwave reactions ranged from 120°
C. to 180° C. After synthesis of the final compounds, the
materials were isolated by preparative HPLC/genevac evapo-
ration. In some instances, the materials precipitated after
acidification and were isolated by filtration.

TABLE 9

LCMS (ES)
Structure MW m/z
345.37 346 [M + 11"
HN .
Ncu
N
(1]
S
OH
(0]
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TABLE 9-continued
LCMS (ES)
Structure MW m/z
/@\ 33934 340 [M+ 1]+
HN F
N x
N
]
S
OH
(@]
: :F 37379 374 [M+1]+
HN ClL
N x
N
]
S
OH
(@]
/@\ 35138 352 [M+1]+
CH.
HN O/ ?
N x
N
]
S
OH
(@]
Example 4

Modulation of CK2 and PARP Activity in Cell-Free
In Vitro Assays

Modulatory activity of compounds described herein was
assessed in vitro in cell-free CK2 assays. Modulatory activity
of compounds described herein also are assessed in vitro in
cell-free PARP assays. These assays are described hereafter.

CK2 Assay

Test compounds in aqueous solution were added at a vol-
ume of 10 microliters, to a reaction mixture comprising 10
microliters Assay Dilution Buffer (ADB; 20 mM MOPS, pH
7.2, 25 mM beta-glycerolphosphate, 5 mM EGTA, 1 mM
sodium orthovanadate and 1 mM dithiothreitol), 10 microli-
ters of substrate peptide (RRRDDDSDDD, dissolved in ADB
at a concentration of 1 mM), 10 microliters of recombinant
human CK2 (25 ng dissolved in ADB; Upstate). Reactions
were initiated by the addition of 10 microliters of ATP Solu-
tion (90% 75 mM MgCl,, 75 micromolar ATP dissolved in
ADB; 10% [y->*1]ATP (stock 1 mCi/100 pl; 3000 Ci/mmol
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(Perkin Elmer) and maintained for 10 minutes at 30 degrees
C. The reactions were quenched with 100 microliters of
0.75% phosphoric acid, then transferred to and filtered
through a phosphocellulose filter plate (Millipore). After
washing each well 5 times with 0.75% phosphoric acid, the
plate was dried under vacuum for 5 min and, following the
addition of 15 ul of scintilation fluid to each well, the residual
radioactivity was measured using a Wallac luminescence
counter.
PARP Assay

PARP assays are conducted using a chemiluminescent
PARP assay kit (Trevigen). Briefly, reactions are performed
in Histone-coated strip wells, by adding 10 microliters test
compound dissolved in 1xPARP Buffer (prepared by mixing
20xPARP buffer diluted with high-purity water) and 15
microliters diluted PARP-HSA enzyme (diluted in 1x PARP
buffer, 0.1 unit per well) to 25 microliters PARP cocktail
(prepared from 10xPARP cocktail and 10x activated DNA,
both 2.5 microliters per well and 20 microliters per well of
1xPARP buffer). The reactions are incubated at ambient tem-
perature for 60 minutes, then the liquid was removed. After
washing the wells four times with PBS (200 ul), 50 microli-
ters of STREP-HRP (Horseradish Peroxidase) solution (di-
Iuted 500-fold in 1x Strep-Diluent) was added and the reac-
tions were allowed to incubate for 30 minutes at ambient
temperature. The liquid was removed and, after washing the
wells four times with PBS (200 ul), 50 microliters each of
PeroxyGlo A and B (Chemiluminescent Horseradish Peroxi-
dase substrates) are added and the resulting chemilumines-
cence quantified on the SpectraMax M5 plate reader.

Tables 10 to 15 show modulatory effects of compounds on
CK2 activity.

TABLE 10
Compound CK2 Inhibition PARP Inhibition
(€] 28% (at 5 uM)  IC50=0.070 M
N
O
e}
e} 29% (at 5 uM)  ICs0=0.060 uM

N/\/\O
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TABLE 10-continued

Compound

CK2 Inhibition PARP Inhibition

Z=—

/

O

38% (at 5 pM)

ICso =2 uM

ICsq = 0.40 uM

ICsq = 0.030 pM

ICso=0.18 M ICso=1.0 M

ICso=2.5 1M

ICso=1.0 uM

ICsq = 0.80 uM

15% (at 1 pM)



207

US 9,062,043 B2

TABLE 10-continued

Compound

CK2 Inhibition PARP Inhibition

/@ ICso=1.6 M 9% (at 1 uM)
N

SN
0

e}

XXy
F
o
l
NS
X Xy
P
o

16% (at 2.5 uM) 33% (at 1 pM)

ICso = 0.013 uM

96% (at 1 pM)
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TABLE 10-continued

Compound CK2 Inhibition PARP Inhibition
O 46% (at 1 uM)
7
N P
N
\N
N.Z
/@ 78% (at 1 pM)
N
D
N F
N
\N
N.Z
| 62% (at 1 uM)
N
N/\/ ~
~ XN
N F
N
\N
N Z
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TABLE 11

CK2 IC50 CK2 % Inhibition

Structure uM) SuM 25uM  1.0uM

1.2

>10

>10

0.67




US 9,062,043 B2
211 212
TABLE 11-continued

CK2 IC50 CK2 % Inhibition

Structure uM) SuM 25uM  1.0uM

1.1

0.95

0.32
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TABLE 11-continued

CK2 IC50 CK2 % Inhibition

Structure uM) SuM 25uM  1.0uM

0.9

1.22

0.43
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TABLE 11-continued

CK2 IC50 CK2 % Inhibition

Structure uM) SuM 25uM  1.0uM

>3
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TABLE 11-continued

CK2 IC50 CK2 % Inhibition

Structure uM) SuM 25uM  1.0uM

63%

0%

0%

78%
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TABLE 11-continued

CK2 IC50 CK2 % Inhibition

Structure uM) SuM 25uM  1.0uM

0%
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0.231 0.28
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CK2: IC50 CK2:
(uM) 1C50(uM)
Structure (15uMATP) (20uM ATP)

0.516 1.006
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CK2: IC50 CK2:
(uM) 1C50(uM)

Structure (15uMATP) (20uM ATP)
0.096 0.189

1.5
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CK2: IC50 CK2:
(uM) 1C50(uM)
Structure (15uMATP) (20uM ATP)
0.219 0.31
0.15
11
0.12

0—CH;




US 9,062,043 B2

357 358
TABLE 14-continued

CK2: IC50 CK2:
(uM) 1C50(uM)
Structure (15uMATP) (20uM ATP)
<CH3
N :
A N
0
HO
0.21
0.67

0.97
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CK2: IC50 CK2:
(uM) 1C50(uM)
Structure (15uMATP) (20uM ATP)
0.32 0.58
0.131 0.43
CH;
HO, 0.257 0.82

0.666 1.17
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CK2:1C50 CK2:
(uM) IC50(uM)
Structure (15uMATP) (20uM ATP)

H;C—O 0.238 0.431
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CK2:1C50 CK2:

(uM) 1C50(uM)
Structure (15uMATP) (20uM ATP)
0.252 0.31

H,N
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CK2: IC50 CK2:
(uM) 1C50(uM)

Structure (15uMATP) (20uM ATP)
0.371 0372
0.194 0.382

0.172 0.3
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CK2:IC50 CK2:

(uM) IC50(uM)

Structure (15uMATP) (20uM ATP)
0.233 0.407
0.256 0.462

\
CH;
Cl
H,C—O 0358 10

0.611 0.392
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CK2:1C50 CK2:
(uM) IC50(uM)
Structure (15uMATP) (20uM ATP)
0.42 0.27
CH;
CHj
—CH; 0.348 0.35
0—Cl;
0.812 0.89
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CK2: IC50 CK2:
(uM) 1C50(uM)
Structure (15uMATP) (20uM ATP)
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CK2: IC50 CK2:
(uM) 1C50(uM)

Structure (15uMATP) (20uM ATP)
0.458 0.406

0.154 0.216
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CK2:1C50 CK2:
(uM) IC50(uM)
Structure (15uMATP) (20uM ATP)

0.129 0.181

Cl
0.171 0.283
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N

CH;

0.198 0.268
0.485 0.524
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CK2:1C50 CK2:
(uM) IC50(uM)
Structure (15uMATP) (20uM ATP)
0.122 0.14
0.075 0.096

0.235 0.375
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CK2:1C50 CK2:

(uM) IC50(uM)
Structure (15uMATP) (20uM ATP)
0.346 0.423
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Structure

CK2: IC50 CK2:
(uM) 1C50(uM)
(15uMATP) (20uM ATP)

s

z=
=

O. 0.29 0.63
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CK2: IC50 CK2:
(uM) 1C50(uM)
Structure (15uMATP) (20uM ATP)

0.135

0.07

0.068

0.032

Cl




US 9,062,043 B2

385 386
TABLE 14-continued

CK2: IC50 CK2:
(uM) 1C50(uM)
Structure (15uMATP) (20uM ATP)

F 0.07

0.126

0.395

0.129

/zm
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CK2: 1C50 CK2:
(M) 1CS0(M)
Structure (ISUMATP)  (20uM ATP)
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CK2:IC50 CK2:
(uM) IC50(uM)
Structure (15uMATP) (20uM ATP)
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CK2:IC50 CK2:
(uM) IC50(uM)
Structure (15uUMATP) (20uM ATP)
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g |
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CK2:IC50 CK2:
(uM) IC50(uM)
Structure (15uMATP) (20uM ATP)
0.251
H
N\/\ Pt
HN (@)
o]
4 | SN
S
H
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N—N
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CK2:IC50 CK2:
(uM) IC50(uM)
Structure (15uMATP) (20uM ATP)
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\ N
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CK2:1C50 CK2:
(uM) IC50(uM)
Structure (15uMATP) (20uM ATP)
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CK2: IC50 CK2:
(uM) 1C50(uM)
Structure (15uMATP) (20uM ATP)

N
N NN Nen

3

jus)




US 9,062,043 B2

401
TABLE 14-continued
CK2:1C50 CK2:
(uM) IC50(uM)
Structure (15uMATP) (20uM ATP)
0.137
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CK2:1C50 CK2:
(uM) IC50(uM)
Structure (15uMATP) (20uM ATP)
0.187
0.335
0.156

H
N

OH
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CK2: IC50 CK2:
uM) 1C50(uM)
Structure (ISUMATP)  (20uM ATP)
\ 0.121
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CK2: IC50 CK2:
(uM) 1C50(uM)
Structure (15uMATP) (20uM ATP)

0.242
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CK2:IC50 CK2:
(uM) IC50(uM)

Structure (15uMATP) (20uM ATP)

O OH 0.127
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CK2: IC50 CK2:
(uM) 1C50(uM)
Structure (15uMATP) (20uM ATP)
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CK2:IC50 CK2:
(uM) IC50(uM)
Structure (15uMATP) (20uM ATP)
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TABLE 15

CK2:IC50 (uM)  CK2:1C50 (uM)
Structure (15 uM ATP) (20 um ATP)
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CK2:1C50 (uM)  CK2: IC50 (uM)

Structure (15 uM ATP) (20 um ATP)
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CK2:1C50 (uM)  CK2:IC50 (uM)
Structure (15 uM ATP) (20 um ATP)
: F 0.12
HN Cl
N x
N
]
S
OH
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/@\ 0.146
HN F
N =
N
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OH
(6]
/@\ 0.044
HN
%CH
N x
N
]
S
OH
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EXAMPLE 5 -continued
Cell Proliferation Modulatory Activity 12 5.6 7 8 9 10 11 12
50
. . . . C 10 nM 100 nM 1uM 10uM Control
A representative cell-proliferation assay protocol using b 10 1M 100 1M LuM 10uM  Compl
Alamar Blue dye (stored at 4° C., use 20 ul per well) is E 10 oM 100 oM 1uM 10uM  Comp2
described hereafter. F 10 1M 100 1M 1uM 10uM  Comp3
96-Well Plate Setup and Compound Treatment G 10 nM 100 nM 1uM 10uM  Comp4
a. Split and trypsinize cells. 5 H EMPTY
b. Count cells using hemocytometer.
c. Plate 4,000-5,000 cells per well in 100 pl of medium and
seed into a 96-well plate according to the following plate d. Add 100 pl of 2x drug dilution to each well in a concen-
layout. Add cell culture medium only to wells B10 to B12. tration shown in the plate layout above. At the same time, add

Wells B1 to B9 have cells but no compound added.

Total volume is 200 pl/well.

1 2 3 4 5 6 7 8 9 10 11 12

incubator.
A EMPTY ) ¢s  1-Add 20 pl Alamar Blue reagent to each well.
B NO COMPOUND ADDED Medium
Only g. Incubate for four (4) hours at 37° C., 5% CO2 in a

humidified incubator.

60 100 pl of media into the control wells (wells B10 to B12).

e. Incubate four (4) days at 37° C., 5% CO2 in a humidified
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h. Record fluorescence at an excitation wavelength of 544
nm and emission wavelength of 590 nm using a microplate
reader.

In the assays, cells are cultured with a test compound for
approximately four days, the dye then is added to the cellsand 5
fluorescence of non-reduced dye is detected after approxi-
mately four hours. Different types of cells can be utilized in
the assays (e.g., HCT-116 human colorectal carcinoma cells,
PC-3 human prostatic cancer cells and MiaPaca human pan-
creatic carcinoma cells). Anti-proliferative effects of repre- 10
sentative compounds are provided hereafter.
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TABLE 17
1C50 1C50
IC50  (uM) IC50 IC50 IC50 IC50 IC50  IC50  IC50 (uM) 1C50
(uM) MDAM M) @wM) M) uM) uM) (M) (M) COLO (uM)
Structure A375 B231 K-562 Raji PanCl LNCaP MCF-7 H460 HL-60 205 SK-OV-3
ClL 1993  3.89 11.03 17.71 20.34 6.23 13.73 1227 1.94 1.01 11.72
HN Cl
> N
OH
(0]
TABLE 18
IC50 IC50 1C50 1C50 1C50 1C50 1C50
uM) uM) (uM) (uM) uM) (uM) (uM)
Structure A375 HCT-116 MiaPaCa H1299 PC3 Jurkat HsS578T
18.36 13.29 7.51 6.84 15.43 23.67 14.86
HN
T )
N P
OH
(0]
TH3 >10 3.80 17.89 23.79 12.90
/\/N\
HN CH;
\ AN N
N P
OH
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TABLE 18-continued
1C50 1C50 1C50 IC50  IC50  IC50  IC50
uM) uM) (uM) (uM) uM) (uM) (uM)
Structure A375 HCT-116 MiaPaCa HI1299  PC3  Jurkat Hs578T
/@ h
HN
T Y )
N /
H
N
[
N ¥/
N
(|2H3 >10
/\/N\
HN CH;
T Y )
N /
H
N
[
N 7
N
/@ 15.00 13.07  11.26  6.83 4.78
HN
T )
N /
(0]
e,
(@]
O\ >10 >10 1073 1739 6.52 12.90
CH;
HN O/
T )
N /
OH
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TABLE 18-continued
IC50 IC50 1C50 1C50 1C50 1C50 1C50
uM) uM) (uM) (uM) uM) (uM) (uM)
Structure A375 HCT-116 MiaPaCa HI1299 PC3 Jurkat Hs578T
: :F 3.21 4.34 3.06 3.08 4.86 2.68 3.31
HN ClL
Y )
N /
OH
(@]
/@ 6.90
HN
AN XN
.
X
X
TH3 1.60
/\/N\
HN CH;
T )
N /
x
\N
F 3.94 8.46 9.02 4.25 2.62
HN Cl
x XN
F
o<

CH;
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TABLE 18-continued
IC50 IC50 1C50 1C50 1C50 1C50 1C50
uM) uM) (uM) (uM) uM) (uM) (uM)
Structure A375 HCT-116 MiaPaCa HI1299 PC3 Jurkat Hs578T
/@\ 15.00 7.16 11.30 3.40 1.82
CH;
HN O/
AN XN
N P
(0]
N,
F >10 15.40 15.85 20.26 3.70
HN Cl
N
( AN \N
N =
(0]
e,
F >10 1.22 7.55 18.76 4.29 9.70
HN ClL
N
( AN XN
N /
OH
(@]
/@ h
HN
B
N =
N
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TABLE 18-continued
IC50 IC50 1C50 1C50 1C50 1C50 1C50
uM) uM) (uM) (uM) uM) (uM) (uM)
Structure A375 HCT-116 MiaPaCa HI1299 PC3 Jurkat Hs578T
/@\ 6.86 8.32 9.23 3.19 5.89
HN F
Y )
N /
OH
/\Q >10 5.08 20.96 23.58 11.11 16.53
HN
B
N /
OH
O\ 3.95 4.02 2.74 3.08 1.51 2.37 0.67
HN ClL
Y
N P
OH
Cl 1.71 2.92
N
( AN Xy
N =
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TABLE 18-continued
IC50 IC50 1C50 1C50 1C50 1C50 1C50
uM) uM) (uM) (uM) uM) (uM) (uM)
Structure A375 HCT-116 MiaPaCa HI1299 PC3 Jurkat Hs578T
r 2.63 4.06 0.85 6.62 7.50 2.59 5.90
HN F
N
( AN NN
N /
OH
(@]
5.11 7.10 3.36 7.24 4.71 1.89 3.43
HN F
N
"/ x S
N /
OH
(@]
/@\ 5.45 7.19 2.09 3.01 9.14 0.88 11.16
HN ClL
N
"/ NS
N /
OH
(@]
4.12 5.86 0.67 1.55 3.13 1.80 2.86
HN N
Nen
N
( x XN
N /
OH
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TABLE 18-continued
IC50 IC50 1C50 1C50 1C50 1C50 1C50
uM) uM) (uM) (uM) uM) (uM) (uM)
Structure A375 HCT-116 MiaPaCa HI1299 PC3 Jurkat Hs578T
O\ >10 >10 >50 >50 9.43
HN F
AN Xy
N /
H
N
\N
Y4
~N
: jCl >10 >10 >50 >50 18.76
HN F
T Y )
N /
H
N
\N
7
N
/@ 1.92 2.99 1.09 2.42 3.14 0.73 1.84
CH; HN
HN N
N /
OH
(@]
4.80 6.72 2.70 1.94 8.63 2.53 6.64
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TABLE 18-continued

IC50 IC50 1C50 1C50 1C50 1C50 1C50
uM) uM) (uM) (uM) uM) (uM) (uM)
Structure A375 HCT-116 MiaPaCa HI1299 PC3 Jurkat Hs578T
/@\ 7.36 10.80 3.85 3.65 16.82 2.78 4.03
HN A
\CH
T
N L
OH
(0]
/@ >10 >10 >50 46.58 14.25
HN Cl
)
N Y=
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TABLE 18-continued
IC50 IC50 1C50 1C50 1C50 1C50 1C50
uM) uM) (uM) (uM) uM) (uM) (uM)
Structure A375 HCT-116 MiaPaCa HI1299 PC3 Jurkat Hs578T
/\/@\ >10 >10 27.00 12.22 24.57
HN
B
N /
OH
>10 >10 5.25 13.23 29.95
HN
Y
N /
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(@]
F 5.40 4.33 1.35 8.91 10.14 2.41 9.09
HN f F
\ \N
N P
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(@]
/@\ >10 >10 26.38 22.00 35.59
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TABLE 18-continued
IC50 IC50 IC50 IC50 IC50  IC50  IC50
uM) uM) (uM) (uM) uM) (uM) (uM)
Structure A375 HCT-116 MiaPaCa HI1299 PC3  Jurkat Hs578T
O\ >10 >10
HN Cl
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TABLE 18-continued

IC50 IC50 1C50 1C50 1C50 1C50 1C50
uM) uM) (uM) (uM) uM) (uM) (uM)
Structure A375 HCT-116 MiaPaCa HI1299 PC3 Jurkat Hs578T
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TABLE 18-continued

1C50 1C50 1C50 IC50  IC50  IC50  IC50
uM) uM) (uM) (uM) uM) (uM) (uM)
Structure A375 HCT-116 MiaPaCa HI1299  PC3  Jurkat Hs578T
>10 16.22 26.13
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TABLE 18-continued

1C50 1C50 1C50 1C50 1C50 1C50 1C50
uM) uM) (uM) (uM) uM) (uM) (uM)
Structure A375 HCT-116 MiaPaCa H1299 PC3 Jurkat Hs578T
>10 1.69 5.70

OH

/@ >10 1.36 218
o/\ HN

N
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N /
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TABLE 18-continued

1C50 1C50 1C50 1C50 1C50 1C50 1C50
uM) uM) (uM) (uM) uM) (uM) (uM)
Structure A375 HCT-116 MiaPaCa H1299 PC3 Jurkat Hs578T

8.05 1.00 0.94
ey
H
Yy ™
O " =
éH; OH
O
>10 8.62 9.55
e
H
NYN\ Ny \\CH
OH
O

>10 2.26 3.69
o/\ HN
(Y £ x
~ N \( 2 TxX™y \\CH
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OH
0
4.69 2.34 1.29
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L Q
N FHA
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TABLE 18-continued

IC50 IC50 1C50 1C50 1C50 1C50 1C50
uM) uM) (uM) (uM) uM) (uM) (uM)
Structure A375 HCT-116 MiaPaCa HI1299 PC3 Jurkat Hs578T
Cl 3.99 9.09 3.05
F
HN
F
F
B
N. P
OH

/@\ 7.82 0.47 1.29
HN Cl

OH

>10 2.23 2.53

>10 18.06 35.93
H;C F
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F
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N P
OH
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TABLE 18-continued

1C50 1C50 1C50 1C50 1C50 1C50 1C50
uM) uM) (uM) (uM) uM) (uM) (uM)
Structure A375 HCT-116 MiaPaCa H1299 PC3 Jurkat Hs578T

/@\ >10 175 1.09
CH; HN cl

HN\(N\ X N

N P
OH
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/@\ >10 >50 5.83
TH; HN cl
N N,
H3C/ \( AN \N
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>10 5.45 18.42
HN Cl
H
H;C N AN
\r \( N
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OH



US 9,062,043 B2

577 578
TABLE 18-continued

1C50 1C50 1C50 1C50 1C50 1C50 1C50
uM) uM) (uM) (uM) uM) (uM) (uM)
Structure A375 HCT-116 MiaPaCa H1299 PC3 Jurkat Hs578T
>10 0.65 3.13
F
HN
F
HN N, F
N P
OH
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>10 0.92 3.06
H;C
w HN Cl
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EXAMPLE 6
Modulation of Endogenous CK2 Activity

The human leukemia Jurkat T-cell line was maintained in
RPMI 1640 (Cambrex) supplemented with 10% fetal calf
serum and 50 ng/ml Geutamycin. Before treatment cells were
washed, resuspended at a density of about 10° cells/milliliter
in medium containing 1% fetal calf serum and incubated in
the presence of indicated mounts of drug for two hours. Cells
were recovered by centrifugation, lysed using a hypotonic
buffer (20 mM Tris/HC1 pH 7.4; 2 mM EDTA; S mM EGTA;
10 mM mercaptoethanol; 10 mM NaF; 1 uM Okadaic acid;
10% v/v glycerol; 0.05% NP-40; 1% Protease Inhibitor Cock-
tail) and protein from the cleared lysate was diluted to 1
microgram per microliter in Assay Dilution Buffer (ADB; 20
mM MOPS, pH 7.2, 25 mM p-glycerolphosphate, 5 mM
EGTA, 1 mM sodium orthovanadate and 1 mM dithiothrei-
tol). To 20 microliters of diluted protein was added 10 micro-
liters of substrate peptide (RRRDDDSDDD, dissolved in
ADB at a concentration of 1 mM) and 10 microliters of PKA
Inhibitor cocktail (Upstate). Reactions were initiated by the
addition of 10 microliters of ATP Solution (90% 75 mM
MgCl,, 100 uM ATP dissolved in ADB; 10% [gamma->>P]
ATP (stock 1 mCi/100 microliters; 3000Ci/mmol (Perkin
Elmer)) and maintained for 15 min at 32 degrees C. The
reactions were quenched with 100 microliters of 0.75% phos-
phoric acid, then transferred to and filtered through a phos-
phocellulose filter plate (Millipore). After washing each well
5times with 0.75% phosphoric acid, the residual radioactivity
was measured using a Wallac luminescence counter.

Modulatory activities of two compounds assessed by the
assay are shown in FIG. 1. Structures of the compounds are
provided below:

Compound 1
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As shown in FIG. 1, each of the two compounds signifi-

65 cantly inhibited endogenous CK2 activity as compared to the
untreated control. Each of the two compounds also more
potently inhibited endogenous CK2 activity as compared to
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reference  compound  4,5,6,7-tetrabromobenzotriazole TABLE 20-continued
(TBB), aknown CK2 inhibitor (Ruzzene et al., Biochem J. 15:

364(Pt l):41'7 (2002))' Modulation of endogenous CK2 activity
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EXAMPLE 7 50  Bioanalysis was performed using a Quattro Micro LC/MS/

Evaluation of Pharmacokinetic Properties

The pharmacokinetics properties of drugs were investi-
gated in ICR mice following an intravenous (IV) bolus and
oral (PO) doses of drug at 5 mg/kg and 25 mg/kg respectively.
Blood samples were collected at predetermined times and the
plasma separated. Plasma was separated from the blood
samples collected at 5, 15 and 30 minutes and 1, 2, 4, 8 and 24
hours post-dose.

Drug levels were quantified by the LC/MS/MS method
described below. Noncompartmental pharmacokinetic analy-
sis was applied for intravenous administration. A linear trap-
ezoidal rule was used to compute AUC(0-24). The terminal
t,,, and C, were calculated using the last three and the first
three data points, respectively

55

60

65

MS instrument in the MRM detection mode, with an internal
standard (IS). Briefly, 15 (L plasma samples were prepared
for analysis using protein precipitation with 120 plL. of aceto-
nitrile. The supernatants were transferred into a 96 well plate
and subjected to LC-MS/MS analysis using a Phenomenex
Polar-RP HPLC column. The mobile phases were 10 mM
NH,HCOj; in water (Solution-A) and 10 mM NH,HCO; in
methanol (Solution-B). The column was initially equilibrated
with 25% Solution-B and followed with 100% Solution B
over 5 minutes. The method had a dynamic range from 1 to
10,000 ng/mL. Quantitation of the analytes was performed in
the batch mode with two bracketing calibration curves
according to the bioanalytical sample list.

Pharmacokinetic profiles and estimated pharmacokinetic
parameters of compound A1l below are shown in FIG. 2A and
in Table 21.
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TABLE 21
Estimated pharmacokinetic parameters after intravenous
and oral dosing at 5 and 25 mg/kg, respectively.

PK Parameter v PO Units
Dose 5 25 mg/kg
AUC 0.5 7 2910 1580 ,
AUC .24 1 3337 2915 ng-h- ml’1
AUC g 1y 3364 3149 ng-h-ml”
Cmax-obs N/A 343 ng/mL
CpO-exp 13201 N/A ng/mL
Tmax N/A 0.25 hr
Kel 0.1586 0.1076  hrt
tio 4.4 6.4 hr
vd 9.4 N/A Lkg
CL, 1.5 N/A L/kg/hr
F(0-8 h) N/A 109 %
F(O-infh) N/A 18.7 %

Pharmacokinetic profiles and estimated pharmacokinetic

parameters of the test compound below are shown in FIG. 2B
and Table 22.

A2
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%CH
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TABLE 22

Estimated pharmacokinetic parameters after IV and PO dose

PK

Parameter v PO Unit
Dose 34 245 mg/kg
AUC g 5 1y 3716 6005

024 1) 4806 9120 ng-h-ml!
AUC oy, 4898 10895 ng-h-ml™
Cmax-obs 4744 1600.5 ng/mL
CpO-exp 5631 N/A ng/mL

10

15

25

30

35

40

45

50

55

60

65

722
TABLE 22-continued

Estimated pharmacokinetic parameters after IV and PO dose

PK

Parameter v PO Unit

Tmax N/A 0.5 hr

Kel 0.1418 0.0594 hrt

tim 4.9 11.7 hr

vd 4.9 N/A L/kg

CL, 0.7 N/A L/kg/hr

Fio24m N/A 26.5 %
0 N/A 31.1 %

EXAMPLE 8

Evaluation of Compound Efficacy in Tumor
Suppression

The in vivo activity of compound Al and compound A2
(shown previously) was assessed by intravenous and oral
administration to tumor-bearing xenograft mice. The in vivo
experiments followed protocols approved by the Animal Use
and Care Committee. Female NCr nu/nu mice were pur-
chased from Taconic Farms and group housed in a ventilated
rack system on a 12/12 light cycle. All housing materials and
water were autoclaved prior to use. The mice were fed ad
libitum with gamma irradiated laboratory chow and acidified
water. Animals were handled under laminar-flow hoods.

Tumor size (mm?®) was calculated using the formula
(Ixw?)/2, where w=width and 1=length in mm of the tumor.
Tumor weight was estimated with the assumption that 1 mg is
equivalent to 1 mm? of tumor volume.

For intravenous administration of compound A1, animals
were inoculated subcutaneously in the right flank with 5x10°
MiaPaca cells. Tumors were monitored twice weekly and
then daily as they approached the appropriate size for study.
On Day 1 of the study, the animals were randomized into n=5
treatment groups with group mean tumor sizes of 160 mm?.

Grp 1 Mean 160.966 UTC

Grp 2 Mean 161.816 Gemzar

Grp 3 Mean 161.807 30 mg/kg CK2 Compound
Grp 4 Mean 159.621 60 mg/kg CK2 Compound
% Dif. 1.363

SD 1.034.

Animals received 14 doses of Vehicle, Gemzar at 100 mg/kg
Q3D or compound Al at either 30 mg/kg or 60 mg/kg by QD
intravenous administration. Tumor volume measurements
(FIG. 3A) and body weight (FIG. 3B) were recorded on days
3, 6, 8 10, 13 and 15. Photographs of specific untreated
control animals and animals administered 60 mg/kg com-
pound A1 are shown in FIGS. 3C and 3D. Compound Al is
referred to as “CK2 inhibitor” in FIGS. 3A, 3B, 3C and 3D.

Compound Al also was administered orally to MiaPaca
xenograft animals and inhibited tumor growth. Compound
Al was formulated as a sodium salt at 10 mg/ml., with 2%
PEG 300 and buffered to pH 8.4 using sodium phosphate
buffer. Compound Al when administered orally to the ani-
mals at a dose of 100 mg/kg QDx8 and then 200 mg/kg QDx5
significantly inhibited tumor growth relative to an untreated
control group. Gemar™ administered at a dose of 80 mg/kg
IP Q3D was used as a positive control. Compound Al also
was delivered by oral administration at 100 mg/kg to animals
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bearing MCF-7 xenografts and at 150 mg/kg to animals bear-
ing PC-3 xenografts, and in both sets of studies, significantly
inhibited tumor growth.

It also was determined that compound Al reduced CK2
activity in tumors. Assessment of CK2 activity in tumors
revealed that tumors from animals treated with compound A1l
had about 40% of the CK2 activity of tumors from animals
not treated with compound A1 or treated with Gemzar™

The distribution of compound A1 in the plasma and tumors
of animals was assessed. In animals administered 30 mg/kg
compound Al IV, 60 mg/kg compound A1 IV and 200 mg/kg
compound A1 orally, about 6.8, 2.2 and 9.5 micromolar com-
pound A1, respectively, was identified in plasma, and about
42.9,7.0and 6.4 micromolar compound A1, respectively, was
identified in tumors.

Caspase staining also was assessed as a biomarker for
compound A1 treatment of tumors. In animals treated with 60
mg/kg of compound Al by IV administration, caspase-3 cell
staining levels were four-fold greater than in untreated con-
trol cells. These results suggest caspase-3 staining can be a
useful biomarker for monitoring inhibition of cell prolifera-
tion and tumor inhibition.

For assessment of compound A2, the compound was deliv-
ered by intravenous and intraperitoneal administration to
tumor-bearing xenograft mice. Animals were inoculated sub-
cutaneously in the right flank with 5x10° BC-PC3 cells.
Tumors were monitored twice weekly and then daily as they
approached the appropriate size for study. On Day 1 of the
study, the animals were randomized into n=8 treatment
groups (n=5 for positive and negative control groups) with
group mean tumor sizes of 97 mm?>.

Grp 1 Mean 97.80 UTC

Grp 2 Mean 96.95  Gemzar Q3D

Grp 3 Mean 96.68 50 mg/kg CX-5011 IV BID x10 days
Grp 4 Mean 98.95 60 mg/kg CX-5011 IV QD x17 days
Grp 5 Mean 96.51 100 mg/kg CX-5011 IP BID x17 days
% Dif 2.50

SD 1.01

Animals received 17 doses of Vehicle, Gemzar at 100 mg/kg
Q3D or compound at either 60 mg/kg QD intravenous admin-
istration or 100 mg/kg BID intraperitoneal administration.
One group (#3) received 10 doses of compound at 50 mg/kg
BID intravenous administration. Tumor volume measure-
ments and body weight were recorded on days 1,4, 7,11, 13,
15, and 18, and data showed compound A2 significantly
inhibited tumor progression (FIG. 4A) while not significantly
altering body weight (FIG. 4B). Delivery of compound A2 to
animals bearing MiaPaca xenografts by IV administration at
50 and 60 mg/kg and by IP administration at 100 mg/kg
significantly inhibited tumor progression. Also, delivery of
compound A2 to animals bearing MDA-MB-231 xenografts
by IV administration at 30 and 60 mg/kg and by oral admin-
istration at 200 mg/kg significantly inhibited tumor progres-
sion. Delivery of compound A2 to animals bearing MiaPaca
xenografts by oral administration at 100 mg/kg QDx8 and
200 mg/kg QDx6 significantly inhibited tumor progression.
A meglumine salt of compound A2 at pH 10.0 and at 10
mg/mL was utilized as an oral formulation for the studies.
Tumor pharmacokinetic studies of compound A2 were car-
ried out in which 30 mg/kg of the compound was dosed IV
QDx6. Plasma, blood and tumor samples were takenonday 1,
4 and 6 and three animals sacrificed for each time point.
Steady state was reached after about three days, the terminal
slope decreases, the half life about doubles, the minimum
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concentration was 4-5 times higher after six days and there
were no significant differences between day 4 and 6.

Delivery of compound A3 to animals bearing MiaPaca
xenografts by IV administration also significantly inhibited
tumor progression.

Compound A3

HN CF3
N
v/ \( S N
N / /
OH
(@]
EXAMPLE 9

Modulation of Non-CK2 Protein Kinase Activity

Compounds described herein are profiled for in vitro
modulatory activity against protein kinases other than CK2.
The in vitro analysis is conducted using known protocols
(e.g., assay protocols described at world-wide web address
upstate.com/img/pdf/KP_Assay Protocol_Booklet_v3.pdf).
Compounds described herein are screened in the assays and
prioritized based upon modulatory activity against protein
kinases other than CK2 and specificity for CK2 or PARP.

EXAMPLE 10

Evaluation of Angiogenesis Inhibition by Endothelial
Tube Formation Assay

A human endothelial tube formation assay was performed
using the 96-well BD BioCoat™ Angiogenesis System from
BD Biosciences, using the manufacturer’s recommended
protocol.

Briefly, HUVEC cells (from ATCC) were suspended in 150
ul of media containing 10% FBS at 4x10° cells/ml in each of
the 96-wells of the matrigel coated plate in the presence or
absence of various concentrations of compound A2. The plate
was incubated for 18 hrs at 37° C. The cells were stained with
calcein AM and the results visualized by fluorescent micros-
copy or by phase contrast. It was observed that compound A2
inhibited tube formation in the assay described above over a
concentration range of 1 to 5 mM.

EXAMPLE 11

Modulation of Protein Kinase Activity in Cell-Free
In vitro Assay

In a PIM-1 assay, test compounds in aqueous solution are
added at a volume of 5 ul, to a reaction mixture comprising 5
ul of 5x Reaction buffer (40 mM MOPS, pH 7.0, 1 mM
EDTA), 2.5 ul of recombinant human PIM-1 solution (10 ng),
2.5 ul of substrate peptide (KKRNRTLTK) and 10 ul of ATP
solution—98% (75 mM MgCl12 37.5 uM ATP) 2% ([y-33P]
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ATP: 3000Ci/mmol —Perkin Elmer). The reactions are incu-
bated for 10 min at 30° C., quenched with 100 ul of 0.75%
Phosphoric acid, then transferred to and filtered through a
Phosphocellulose filter plate (Millipore). After washing each
well 5 times with 0.75% Phosphoric acid, Scintilation fluid
(15 ul) is added to each well. The residual radioactivity is
measured using a luminescence counter. Compound A2
inhibited PIM-1 with IC,,=189 nM.

Compound A2 was tested further for its activity against
other protein kinases. The following kinase inhibition IC,,
data were determined using standardized radiometric kinase
assays for each individual kinase, which entail filter binding
of 3P labeled substrate proteins by the kinase of interest.
Each IC,, value was determined over a range of 10 drug
concentrations. Reaction conditions are available from the
World Wide Web URL upstate.com/discovery/services/
ic50_profiler.q.

Kinase IC50 (nM)
CDK1/cyelinB(h) 226
CK2(h) 2
CK2a2(h) 1
c-RAF(h) >1,000
DYRK2(h) 354
Flt3(h) 721
Flt4(h) 815
HIPK3(h) 56
ZIPK(h) 34

The following kinase inhibition data were determined
using standardized radiometric kinase assays for each indi-
vidual kinase, which entail filter binding of **P labeled sub-
strate proteins by the kinase of interest. Each percentage of
activity was determined at 0.5 uM concentration of the drug.
Reaction conditions are available at the World Wide Web
URL upstate.com/discovery/services/ic50_profiler.q.

% activity at 0.5
Kinase

CK2a2(h) -7
CK2(h) -2
Flt4(h) -1
HIPK3(h) 10
HIPK2(h) 11
ZIPK(h) 12
FIt3(D835Y)(h) 17
Pim-1(h) 27
Flt3(h) 42
Mer(h) 46
MELK(h) 49
DYRK2(h) 50
CDKl1/cyclinB(h) 52
GSK3p(h) 56
MSK2(h) 56
DRAKI1(h) 62
CDK2/cyclinA(h) 63
Lek(h) 63
Mnk2(h) 63
SRPK1(h) 66
KDR(h) 67
c-RAF(h) 69
IGF-1R(h) 73
CDK7/cyclinll/MAT1(h) 77
NEK2(h) 77
Rsk1(h) 78
EGFR(L861Q)(h) 79
MLK1(h) 80
p70S6K(h) 80
LOK(h) 84
EGFR(L858R)(h) 89
PKA(h) 90
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-continued

% activity at 0.5

Kinase uM
TrkA(h) 90
Abl(h) 91
EGFR(T790M)(h) 92
PRAK(h) 93
Aurora-A(h) 94
Flt1(h) 95
MAPK1(h) 95
MST1(h) 96
FAK(h) 97
ROCK-I(h) 97
CHK1(h) 99
EphA7(h) 99
JAK2(h) 99
PKCa(h) 99
Tie2(h) 99
Blk(m) 100
CDKO9/cyclin T1(h) 100
CK1y3(h) 100
cKit(D816H)(h) 101
IKKa(h) 101
Sre(1-530)(h) 101
TAK1(h) 101
Fer(h) 103
FGFR1(h) 103
CaMKI(h) 104
PKBa(h) 104
CK1y1(h) 105
IR(h) 105
PKGla(h) 105
eEF-2K(h) 106
Plk3(h) 106
Ron(h) 106
CK1y2(h) 107
FGFR2(h) 107
MAPKAP-K2(h) 107
PKD2(h) 107
ARKS5(h) 108
CDK6/cyelinD3(h) 108
DDR2(h) 109
Lyn(h) 109
PDGFRa(h) 109
PDGFRa(D842V)(h) 109
Rse(h) 109
Yes(h) 109
BRK(h) 110
PDGFRP(h) 110
PDK1(h) 110
Ros(h) 110
cKit(V560G)(h) 111
Hek(h) 111
PKCO(h) 111
ALK(h) 112
PAK2(h) 112
cKit(h) 114
Fyn(h) 114
ASK1(h) 116
Snk(h) 117
Bmx(h) 118
ZAP-70(h) 118
IRAKA4(h) 119
EGFR(T790M, L858R)(h) 121
Met(h) 122
EGFR(h) 123
EphA5(h) 125
ErbB4(h) 126
MKK7p(h) 133
MEK1(h) 136
Fes(h) 139
EphB4(h) 144
CSK(h) 146
Fms(h) 174

The entirety of each patent, patent application, publication
and document referenced herein hereby is incorporated by
reference. Citation of the above patents, patent applications,
publications and documents is not an admission that any of
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the foregoing is pertinent prior art, nor does it constitute any
admission as to the contents or date of these publications or
documents.

Modifications may be made to the foregoing without
departing from the basic aspects of the invention. Although
the invention has been described in substantial detail with
reference to one or more specific embodiments, those of
ordinary skill in the art will recognize that changes may be
made to the embodiments specifically disclosed in this appli-
cation, and yet these modifications and improvements are
within the scope and spirit of the invention. The invention
illustratively described herein suitably may be practiced in
the absence of any element(s) not specifically disclosed
herein. Thus, for example, in each instance herein any of the
terms “comprising”, “consisting essentially of”” and “consist-
ing of” may be replaced with either of the other two terms.
Thus, the terms and expressions which have been employed
are used as terms of description and not of limitation, equiva-
lents of the features shown and described, or portions thereof,
are not excluded, and it is recognized that various modifica-
tions are possible within the scope of the invention. Embodi-
ments of the invention are set forth in the following aspects.

Al. A compound having a structure of Formula I, II, III or
Iv:

Formula I
Formula IT
(¢]
73 RS
77 N
i)
x 78 =z ﬁ4
AN,
Formula ITT
OR®
75
76% XN
r
= 78 = ﬁ4
Z\ZZ /Z3
Formula IV
SR?
75
76% XN
g
= ZS / ﬁ4
2\22/23

and pharmaceutically acceptable salts, esters and tautomers
thereof, wherein:

each 7!, 72, 73 and 7Z* is N or CR?;

each of Z°, 7% 77 and Z® is N or CRS;

728
none, one or two of Z'-Z* are N and none, one or two of
73-78 are N;

each R® and each R® is independently H or an optionally
substituted C1-C8 alkyl, C2-C8 heteroalkyl, C2-C8 alk-
5 enyl, C2-C8 heteroalkenyl, C2-C8 alkynyl, C2-C8 het-
eroalkynyl, C1-C8 acyl, C2-C8 heteroacyl, C6-C10 aryl,
C5-C12 heteroaryl, C7-C12 arylalkyl, or C6-C12 het-

eroarylalkyl group,

or each R? and each R® is independently halo, OR, NR,,

NROR, NRNR,, SR, SOR, SO,R, SO,NR,, NRSO,R,
NRCONR,, NRCOOR, NRCOR, CN, COOR, CONR,,
OOCR, COR, polar substituent, carboxy bioisostere,
COOH or NO,,
wherein each R is independently H or C1-C8 alkyl,
C2-C8 heteroalkyl, C2-C8 alkenyl, C2-C8 heteroalk-
enyl, C2-C8 alkynyl, C2-C8 heteroalkynyl, C1-C8
acyl, C2-C8 heteroacyl, C6-C10 aryl, C5-C10 het-
eroaryl, C7-C12 arylalkyl, or C6-C12 heteroaryla-
lkyl,
and wherein two R on the same atom or on adjacent
atoms can be linked to form a 3-8 membered ring,
optionally containing one or more N, O or S;
and each R group, and each ring formed by linking
two R groups together, is optionally substituted
with one or more substituents selected from halo,
—0, —N—CN, —N—OR', —NR', OR', NR',,
SR', SO,R', SO,NR',, NR'SO,R', NR'CONR',,
NR'COOR!, NR'COR', CN, COOR', CONR',,
OOCR!, COR', and NO,,
wherein each R! is independently H, C1-C6 alkyl,
C2-C6 heteroalkyl, C1-C6 acyl, C2-C6 heteroa-
cyl, C6-C10aryl, C5-C10 heteroaryl, C7-12 ary-
lalkyl, or C6-12 heteroarylalkyl, each of which is
optionally substituted with one or more groups
selected from halo, C1-C4 alkyl, C1-C4 het-
eroalkyl, Cl1-C6 acyl, C1-C6 heteroacyl,
hydroxy, amino, and —O;
and wherein two R' can be linked to form a 3-7 mem-
bered ring optionally containing up to three het-
eroatoms selected from N, O and S;

R*is H or an optionally substituted member selected from
the group consisting of C1-C6 alkyl, C2-C6 heteroalkyl, and
C1-C6 acyl;

each R is independently H or an optionally substituted
member selected from the group consisting of C,_,, alkyl,
C, 1o alkenyl, C, |, heteroalkyl, C; ¢ carbocyclic ring, and
C,_¢ heterocyclic ring optionally fused to an additional
optionally substituted carbocyclic or heterocyclic; or R® is a
C,.10 alkyl, C,_,, alkenyl, or C,_;, heteroalkyl substituted
with an optionally substituted C;_g carbocyclic ring or C; ¢
heterocyclic ring; and

in each —NR*R®, R* and R’ together with N may form an

optionally substituted 3-8 membered ring, which may
optionally contain an additional heteroatom selected
from N, O and S as a ring member;

provided that when —NR*R® in Formula (I) is —NH®,

where @ is optionally substituted phenyl:

ifall of Z3-Z% are CH or one of Z*>-Z% is N, at least one of
7'-7* is CR? and at least one R® must be a non-
hydrogen substituent; or

if each R? is H, then ® must be substituted; or

ifall of Z°-Z® are CH or one of Z>-Z® is N, then Z* is not
C—OR", and 7> is not NH,, NO,, NHC(=O)R" or
NHC(=—0)—O0OR", where R" is C1-C4 alkyl.

A2. The compound of embodiment A1, wherein the polar
substituent is a substituent having an electric dipole, and
65 optionally a dipole moment.

A3. The compound of embodiment Al or A2, wherein the
polar substituent accepts or donates a hydrogen bond.
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A4. The compound of any one of embodiments Al-A3,
wherein the polar substituent is selected from a carboxy, a
carboxy bioisostere or other acid-derived moiety that exists
predominately as an anion at a pH of about 7 to 8.

AS. The compound of any one of embodiments Al-A3,
wherein the polar substituent contains an OH or NH, an ether
oxygen, an amine nitrogen, an oxidized sulfur or nitrogen, a
carbonyl, a nitrile, and a nitrogen-containing or oxygen-con-
taining heterocyclic ring whether aromatic or non-aromatic.

A6. The compound of any one of embodiments Al-AS,
wherein the polar substituent is a carboxylate.

A7. The compound of any one of embodiments Al-AS,
wherein the polar substituent is a carboxylate or carboxylic
acid.

A8. The compound of any one of embodiments Al-A3,
wherein the polar substituent is a carboxy bioisostere selected
from the group consisting of:

0
oH
_ NH
N 0 }—N
X ~po d
NH >;NH NH
o} \S—R7 0 \S—R7 N /K
o//\\o o// ™o 0
X X o X
N N\ N
AN A FAS
X/§ R’ X/OH
S P NH
o//\\o \”/ o” \OH /o
0 N 2N
N
X
NC )\N oH NH
N O 0 }—N
0
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-continued

§ R’ OH
7 Ve
S A NH
I\, 7\ / o\
o N\NéN

NH

P

and salts of the foregoing, wherein each R” is independently
H or an optionally substituted member selected from the
group consisting of C, |, alkyl, C, ,, alkenyl, C, ,, het-
eroalkyl, C; ¢ carbocyclic ring, and C, ¢ heterocyclic ring
optionally fused to an additional optionally substituted car-
bocyclic or heterocyclic ring; or R” is a C,_, alkyl, C, 14
alkenyl, or C,_,, heteroalkyl substituted with an optionally
substituted C;_¢ carbocyclic ring or C4_g heterocyclic ring.

A9. The compound of any one of embodiments A1-A3,
wherein the polar substituent is selected from the group con-
sisting of carboxylic acid, carboxylic ester, carboxamide,
tetrazole, triazole, carboxymethanesulfonamide, oxadiazole,
oxothiadiazole, thiazole, aminothiazole and hydroxythiaz-
ole.

A10. The compound of any one of embodiments A1-A9,
wherein the polar substituent is at a position on the ring
containing Z'-Z*.

Al1l. The compound of embodiment any one of embodi-
ments Al-A10, wherein the ring containing Z*-Z* includes
one, two, three or four polar substituents.

A12. The compound of any one of embodiments A1-A10,
wherein each of Z'-Z*is CR® and one of the R? substituents is
a polar substituent

A13. The compound of any one of embodiments A1-A10,
wherein the ring containing Z'-Z* is selected from one of the
following structures

R’

R34 R34
R3P R3E R3D R3E
R3C R3P
R4 R3P
and
R3D R3P R3D R3E
R3C R3C

wherein R is a polar substituent and each R*4, R*#, R*“ and
R3” independently is selected from R> substituents.

Al4. The compound of any one of embodiments A1-A10,
wherein at least one of Z'-Z* and Z°-78 is a nitrogen atom.

A15. The compound of embodiment A14, the ring contain-
ing Z*-Z* or the ring containing Z°-Z® is independently an
optionally substituted pyridine, pyrimidine or pyridazine
ring.
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A16. The compound of embodiment A14, wherein the ring
containing Z°>-Z® is selected from the group consisting of

RGA
REE N
N AN
RSC s RSC a
RGD RGD
RGA RGA
RGB RGB
| AN AN
N
7 RSC N
RGD
RGA
R%E N
\( x N
\ S
7 RSC N
RGD
RGA
N
N X NT X
e = N _~#
R6D R6D and
RGA
RGB
B
N P
SN

wherein each R%*!, R% R and R®” independently is
selected from R® substituents defined in embodiment A1.

A17. The compound of any one of embodiments A1-A17,
wherein R* is H.

A18. The compound of any one of embodiments A1-A17,
wherein R® is an optionally substituted 3-8 membered ring.

A19. The compound of any one of embodiments A1-A17,
wherein R is a C,_,, alkyl group substituted with an option-
ally substituted 3-8 membered ring.

A20. The compound of embodiment A18, wherein R’ is an
optionally substituted six-membered carbocyclic or hetero-
cyclic ring.

A21. The compound of embodiment A20, wherein R” is an
optionally substituted phenyl ring.

A22. The compound of embodiment A21, wherein the
compound has a structure of Formula I, R* is Hor CH, and R®
is a phenyl substituted with one or more halogen or acetylene
substituents.

A23. The compound of embodiment A22, wherein the one
or more halogen or acetylene substituents are on the phenyl
ring at the 3-position, 4-position or 5-position, or combina-
tions thereof.

A24. The compound of any one of embodiments A1-A17,
wherein R’ is a C, 5 alkyl substituted with an optionally
substituted phenyl, pyridyl or morpholino ring substituent, or
substituted with —NR*R?’ (e.g., —N(CH,),).
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A25. The compound of embodiment A1, wherein the polar
substituent is a carboxy, carboxyalkyl (e.g., carboxymethyl),
tetrazole or amide (e.g., —CONH,) substituent.

A26. The compound of embodiment Al, wherein the R®

5 substituent is a —NR*R® substituent.

A27. The compound of embodiment A26, wherein the R®
substituent is a —NH—(C1-C6 alkyl) moiety.

A28. The compound of embodiment A1, wherein each of
7', 77, 7%, and Z* is CR>.

A29. The compound of embodiment A1, wherein at least
one R?is H.

A30. The compound of embodiment A1, wherein at least
two R? are H.

A31. The compound of embodiment A1, wherein at least
one R%is H.

A32. The compound of embodiment A1, wherein at least
two R® are H.

A33. The compound of embodiment A13, wherein each
R34, R*“ and R*” is H and R*” is a polar substituent.

A34. A composition that comprises a compound of
20 embodiment Al and a pharmaceutically acceptable carrier.

B1. A compound having a structure of Formula V, VI, VII
or VIII:
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25 Formula V

30

Formula VI
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Formula VII
OR?

45

3
50 Z\Zz/z

Formula VIII
SR3
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and pharmaceutically acceptable salts, esters and tautomers
thereof;, wherein:
each Z', 72, 7*, and Z* independently is N or CR® and
65 none, one or two of Z*, Z?, 73, and Z* is N;
each R®, R% and R%% independently is H or an optionally
substituted C1-C8 alkyl, C2-C8 heteroalkyl, C2-C8 alk-
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enyl, C2-C8 heteroalkenyl, C2-C8 alkynyl, C2-C8 het-
eroalkynyl, C1-C8 acyl, C2-C8 heteroacyl, C6-C10 aryl,
C5-C12 heteroaryl, C7-C12 arylalkyl, or C6-C12 het-
eroarylalkyl group,

or each R?, R% and R%? independently is halo, OR, NR,,

NROR, NRNR,, SR, SOR, SO,R, SO,NR,, NRSO,R,
NRCONR,, NRCOOR, NRCOR, CN, COOR, polar
substituent, carboxy bioisostere, CONR,, OOCR, COR,
or NO,,
wherein each R is independently H or C1-C8 alkyl,
C2-C8 heteroalkyl, C2-C8 alkenyl, C2-C8 heteroalk-
enyl, C2-C8 alkynyl, C2-C8 heteroalkynyl, C1-C8
acyl, C2-C8 heteroacyl, C6-C10 aryl, C5-C10 het-
eroaryl, C7-C12 arylalkyl, or C6-C12 heteroaryla-
lkyl,
and wherein two R on the same atom or on adjacent
atoms can be linked to form a 3-8 membered ring,
optionally containing one or more N, O or S;
and each R group, and each ring formed by linking
two R groups together, is optionally substituted
with one or more substituents selected from halo,
—0, —N—CN, —N—OR', —NR', OR', NR',,
SR', SO,R', SO,NR',, NR'SO,R', NR'CONR',,
NR'COOR', NR'COR', CN, COOR', CONR',,
OOCR!, COR', and NO,,
wherein each R' is independently H, C1-C6 alkyl,
C2-C6 heteroalkyl, C1-C6 acyl, C2-C6 heteroa-
cyl, C6-C10 aryl, C5-C10 heteroaryl, C7-12 ary-
lalkyl, or C6-12 heteroarylalkyl, each of whichis
optionally substituted with one or more groups
selected from halo, C1-C4 alkyl, C1-C4 het-
eroalkyl, C1-C6 acyl, C1-C6 heteroacyl,
hydroxy, amino, and —O;
and wherein two R' can be linked to form a 3-7 mem-
bered ring optionally containing up to three het-
eroatoms selected from N, O and S,

R*is H or optionally substituted member selected from the
group consisting of C,-C, alkyl, C2-C6 heteroalkyl, and
C1-C6 acyl;

each R’ is independently H or an optionally substituted
member selected from the group consisting of C, ,, alkyl,
C, o alkenyl, C, |, heteroalkyl, C; ¢ carbocyclic ring, and
C,_¢ heterocyclic ring optionally fused to an additional
optionally substituted carbocyclic or heterocyclic; or R” is a
C,.10 akyl, C,_,, alkenyl, or C,_,, heteroalkyl substituted
with an optionally substituted C, 4 carbocyclic ring or C, 4
heterocyclic ring; and

in each —NR*R>, R* and R® together with N may form an

optionally substituted 3-8 membered ring, which may
optionally contain an additional heteroatom selected
from N, O and S as a ring member;

provided that if R® in Formula IV is phenyl, substituted
phenyl, —CH(CH;)—(CH,),—NEt,, —(CH,);-piperazine-
(CH,),—NH,, cyclohexane or butyl, then one or more of R?
present is a non-hydrogen moiety.

B2. The compound of embodiment B1, provided that at
least one R? present is a polar substituent.

B3. The compound of embodiment B1, wherein the polar
substituent accepts or donates a hydrogen bond.

B4. The compound of embodiment B1, wherein the polar
substituent is selected from a carboxy, a carboxy bioisostere
or other acid-derived moiety that exists predominately as an
anion at a pH of about 7 to 8.

BS. The compound of embodiment B1, wherein the polar
substituent contains an OH or NH, an ether oxygen, an amine
nitrogen, an oxidized sulfur or nitrogen, a carbonyl, a nitrile,
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and a nitrogen-containing or oxygen-containing heterocyclic
ring whether aromatic or non-aromatic.

B6. The compound of embodiment B1, wherein the polar
substituent is a carboxylic acid, or a salt, an ester or a bioi-
sostere thereof.

B7. The compound of embodiment B6, wherein the polar
substituent is a carboxylic acid or a salt thereof.

B8. The compound of embodiment B1, wherein the polar
substituent is a bioisostere selected from the group consisting
of:

0
OH
__ NH
0 >/-—R7
X /N\ R d
NH NH NH
0 /\s\— R’ 0 /\S—R7 N /K
o/ \o o/ o 0
X X o XL
o// \\o o// \\o o// \\o
X { R’ X _OH
s \ﬂ/ P NH
o// \\o o” \OH / \
o AN
N
NH
NC )\ . OH NH
N 0 0 }—N
9
iNH iNH NH
0 \S—R7 o} \S—R7 N A
O// \\O O// o 0
H
)i\/oH >§\/ \ &,
O/ N\ , O/ N , O/ N\ O
>< /§ Y _OH
S P NH
N o \ox \
o N\NéN
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-continued

NH

PN

and salts of the foregoing, wherein each R” is independently
H or an optionally substituted member selected from the
group consisting of C,_, alkyl, C,_, alkenyl, C,_,, het-
eroalkyl, C; 4 carbocyclic ring, and C, ¢ heterocyclic ring
optionally fused to an additional optionally substituted car-
bocyclic or heterocyclic ring; or R” is a C,_, alkyl, C,
alkenyl, or C,_;, heteroalkyl substituted with an optionally
substituted C,_, carbocyclic ring or C;_4 heterocyclic ring.

B9. The compound of embodiment B1, wherein the polar
substituent is selected from the group consisting of carboxy-
lic acid, carboxylic ester, carboxamide, tetrazole, triazole,
carboxymethanesulfonamide, oxadiazole, oxothiadiazole,
thiazole, aminothiazole and hydroxythiazole.

B10. The compound of any one of embodiments B1-B9,
wherein the polar substituent is at a position on the ring
containing Z'-Z*.

B11. The compound of any one of embodiments B1-B10,
wherein the ring containing Z'-Z* includes one, two, three or
four polar substituents.

B 12. The compound of any one of embodiments B1-B9,
wherein each of Z'-Z*is CR? and one of the R substituents is
a polar substituent

B13. The compound of any one of embodiments B1-B9,
wherein the ring containing Z'-Z* is selected from one of the
following structures

R’

R34 R34
R3P R3B R3D R3B
R3C R3?
R34 R3P
and
R3D R3?P R3D R3B
R3C R3C

wherein R3Z is a polar substituent and each R*4, R*® R*“ and
R>*? independently is selected from R substituents.

B14. The compound of any one of embodiments B1-B13,
wherein at least one of Z*-Z is a nitrogen atom.

B15. The compound of embodiment B 14, the ring con-
taining Z'-Z*is independently an optionally substituted pyri-
dine, pyrimidine or pyridazine ring.

B16. The compound of any one of embodiments B1-B 15,
wherein R* is H.

B17. The compound of any one of embodiments B1-B 16,
wherein R® is an optionally substituted 3-8 membered ring.

B18. The compound of any one of embodiments B1-B16,
wherein R is a C,_,, alkyl group substituted with an option-
ally substituted 3-8 membered ring.

B19. The compound of embodiment B 18, wherein R’ is an
optionally substituted six-membered carbocyclic or hetero-
cyclic ring.
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B20. The compound of embodiment B19, wherein RS is an
optionally substituted phenyl ring.

B21. The compound of embodiment B20, wherein the
compound has a structure of Formula V, R*is H or CH, and R®
is a phenyl substituted with one or more halogen or acetylene
substituents.

B22. The compound of embodiment B21, wherein the one
or more halogen or acetylene substituents are on the phenyl
ring at the 3-position, 4-position or 5-position, or combina-
tions thereof.

B23. The compound of any one of embodiments B1-B16,
wherein R’ is a C, 5 alkyl substituted with an optionally
substituted phenyl, pyridyl or morpholino ring substituent, or
substituted with —NR*R?’ (e.g., —N(CH,),).

B24. The compound of embodiment B1, wherein the polar
substituent is a carboxy, carboxyalkyl (e.g., carboxymethyl),
tetrazole or amide (e.g., —CONH,) substituent.

B25. The compound of embodiment B1, wherein the R®
substituent is a —NR*R® substituent.

B26. The compound of embodiment B25, wherein the R®
substituent is a —NH—(C1-C6 alkyl) moiety.

B27. The compound of embodiment B1, wherein each of
7', 72,73, and Z* is CR>.

B28. The compound of embodiment B1, wherein at least
one R?is H.

B29. The compound of embodiment B1, wherein at least
two R? are H.

B30. The compound of embodiment B1, wherein at least
one of R®* and R%? is H.

B31. The compound of embodiment B1, wherein each of
R% and R% is H.

B32. The compound of embodiment B13, wherein each
R34, R3*C,R*”, R and R%% is Hand R*% is a polar substituent.

C1. A compound having a structure of Formula IX, X, X1 or
XII:

Formula IX
Formula X
(¢]
5
N AR
N
RS —</ |
S = 74
1 3
Z§ZZ Lz
Formula XI
OR®
N RN N
R54</ |
S / ﬁ4
3
z\zz/z
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-continued
Formula XII
SR>
N S N
RS 4</ |
S e
1 3
z\zz/z

and pharmaceutically acceptable salts, esters and tautomers
thereof, wherein:

each Z', 72,73, and Z* is N or CR? and none, one or two of
7', 72, 7%, and Z* is N;

each R? and RS is independently H or an optionally substi-

tuted C1-C8 alkyl, C2-C8 heteroalkyl, C2-C8 alkenyl,
C2-C8 heteroalkenyl, C2-C8 alkynyl, C2-C8 het-
eroalkynyl, C1-C8 acyl, C2-C8 heteroacyl, C6-C10 aryl,
C5-C12 heteroaryl, C7-C12 arylalkyl, or C6-C12 het-
eroarylalkyl group,

or each R? and RS can be halo, OR, NR,, NROR, NRNR,,,

SR, SOR, SO,R, SO,NR,, NRSO,R, NRCONR,,
NRCOOR, NRCOR, CN, COOR, polar substituent, car-
boxy bioisostere, CONR,, OOCR, COR, or NO,,
wherein each R is independently H or C1-C8 alkyl,
C2-C8 heteroalkyl, C2-C8 alkenyl, C2-C8 heteroalk-
enyl, C2-C8 alkynyl, C2-C8 heteroalkynyl, C1-C8
acyl, C2-C8 heteroacyl, C6-C10 aryl, C5-C10 het-
eroaryl, C7-C12 arylalkyl, or C6-C12 heteroaryla-
lkyl,
and wherein two R on the same atom or on adjacent
atoms can be linked to form a 3-8 membered ring,
optionally containing one or more N, O or S;
and each R group, and each ring formed by linking
two R groups together, is optionally substituted
with one or more substituents selected from halo,
—0, —N—CN, —N—OR', —NR', OR', NR',,
SR', SO,R', SO,NR',, NR'SO,R', NR'CONR',,
NR'COOR', NR'COR', CN, COOR', CONR',,
OOCR!, COR', and NO,,
wherein each R' is independently H, C1-C6 alkyl,
C2-C6 heteroalkyl, C1-C6 acyl, C2-C6 heteroa-
cyl, C6-C10 aryl, C5-C10 heteroaryl, C7-12 ary-
lalkyl, or C6-12 heteroarylalkyl, each of whichis
optionally substituted with one or more groups
selected from halo, C1-C4 alkyl, C1-C4 het-
eroalkyl, C1-C6 acyl, C1-C6 heteroacyl,
hydroxy, amino, and —O;
and wherein two R' can be linked to form a 3-7 mem-
bered ring optionally containing up to three het-
eroatoms selected from N, O and S;

R*is H or optionally substituted member selected from the
group consisting of C,-C, alkyl, C2-C6 heteroalkyl, and
C1-C6 acyl;

each R’ is independently H or an optionally substituted
member selected from the group consisting of C,_,, alkyl,
C, o alkenyl, C, |, heteroalkyl, C; ¢ carbocyclic ring, and
C, s heterocyclic ring optionally fused to an additional
optionally substituted carbocyclic or heterocyclic; or R® is a
C, .1 alkyl, C, ,, alkenyl, or C,_,, heteroalkyl substituted
with an optionally substituted C;_g carbocyclic ring or C; ¢
heterocyclic ring; and

in each —NR*R>, R* and R® together with N may form an

optionally substituted 3-8 membered ring, which may
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optionally contain an additional heteroatom selected
from N, O and S as a ring member.

C2. The compound of embodiment C1, provided that at
least one R? present is a polar substituent.

C3. The compound of embodiment C1, wherein the polar
substituent accepts or donates a hydrogen bond.

C4. The compound of embodiment C1, wherein the polar
substituent is selected from a carboxy, a carboxy bioisostere
or other acid-derived moiety that exists predominately as an
anion at a pH of'about 7 to 8.

CS5. The compound of embodiment C1, wherein the polar
substituent contains an OH or NH, an ether oxygen, an amine
nitrogen, an oxidized sulfur or nitrogen, a carbonyl, a nitrile,
and a nitrogen-containing or oxygen-containing heterocyclic
ring whether aromatic or non-aromatic.

C6. The compound of embodiment C1, wherein the polar
substituent is a carboxylate.

C7. The compound of embodiment C1, wherein the polar
substituent is a carboxylic acid.

C8. The compound of embodiment C1, wherein the polar
substituent is a bioisostere selected from the group consisting
of:

N
NH >;NH NH
o /\S\—R7 O /\S—R7 N /K
o/ \o o/ o 0
X OH X NH, X N
e e
o// \o o// \o o// \o
X /§ R’ X _on
S P NH
o// \\o \ﬂ/ o” \OH I\
0 N 2N
N
y NH
N_ )\ , OH NH
N R o) o) )—N
9)
iNH iNH NH
0 \S—R7 o} \S—R7 N A
J \\O O// \o 8]
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-continued
H
S\/OH S\/NHZ S\/N\ .
O// \O O// \O O// \O
/§ R’ _-OH
A N
o 0 g OH N 4N
N

NH

N/ )\
\N/ R’

and salts of the foregoing, wherein each R” is independently
H or an optionally substituted member selected from the
group consisting of C,_, alkyl, C,_, alkenyl, C, ,, het-
eroalkyl, C; 4 carbocyclic ring, and C, ¢ heterocyclic ring
optionally fused to an additional optionally substituted car-
bocyclic or heterocyclic ring; or R” is a C,_, alkyl, C5_,
alkenyl, or C,_|, heteroalkyl substituted with an optionally
substituted C; ¢ carbocyclic ring or C;_g g heterocyclic ring.

C9. The compound of embodiment C1, wherein the polar
substituent is selected from the group consisting of carboxy-
lic acid, carboxylic ester, carboxamide, tetrazole, triazole,
carboxymethanesulfonamide, oxadiazole, oxothiadiazole,
thiazole, aminothiazole and hydroxythiazole.

C10. The compound of any one of embodiments C1-C9,
wherein the polar substituent is at a position on the ring
containing Z'-Z*.

C11. The compound of embodiment C10, wherein the ring
containing Z*-Z"* includes two, three or four polar substitu-
ents.

C12. The compound of any one of embodiments C1-C9,
wherein each of Z'-Z*is CR® and one of the R? substituents is
a polar substituent

C13. The compound of embodiment C1, wherein the ring
containing Z'-Z* is selected from one of the following struc-

tures
R3A R3A
R3P RSB R3D RSB
R3 C R3P
R3A R3P
and
R3D R3P R3D RSB
R3 C R3 C

wherein R*Z is a polar substituent and each R*4, R3# R*“ and
R>” independently is selected from R> substituents.
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C14. The compound of any one of embodiments C1-C13,
wherein at least one of Z*-Z* is a nitrogen atom.

C15. The compound of embodiment C14, the ring contain-
ing 7'-7*is independently an optionally substituted pyridine,
pyrimidine or pyridazine ring.

C16. The compound of any one of embodiments C1-C15,
wherein R*is H,

C17. The compound of any one of embodiments C1-C16,
wherein R® is an optionally substituted 3-8 membered ring.

C18. The compound of any one of embodiments C1-C16,
wherein R®is a C,_,, alkyl group substituted with an option-
ally substituted 3-8 membered ring.

C19. The compound of embodiment C18, wherein R is an
optionally substituted six-membered carbocyclic or hetero-
cyclic ring.

C20. The compound of embodiment C19, wherein RS is an
optionally substituted phenyl ring.

C21. The compound of embodiment C20, wherein the
compound has a structure of Formula IX, R* is H or CH, and
R? is a phenyl substituted with one or more halogen or acety-
lene substituents.

C22. The compound of embodiment C21, wherein the one
or more halogen or acetylene substituents are on the phenyl
ring at the 3-position, 4-position or 5-position, or combina-
tions thereof.

C23. The compound of any one of embodiments C1-C16,
wherein R” is a C,_; alkyl substituted with an optionally
substituted phenyl, pyridyl or morpholino ring substituent, or
substituted with —NR*R? (e.g., —N(CH,),).

C24. The compound of embodiment C1, wherein the polar
substituent is a carboxy, carboxyalkyl (e.g., carboxymethyl),
tetrazole or amide (e.g., —CONH,) substituent.

C25. The compound of embodiment C1, wherein the R®
substituent is a —NR*R’ substituent.

C26. The compound of embodiment C25, wherein the R®
substituent is a —NH—(C1-C6 alkyl) moiety.

C27. The compound of embodiment C1, wherein each of
7', 77,73, and Z* is CR.

C28. The compound of embodiment C1, wherein at least
one R?is H.

C29. The compound of embodiment C1, wherein at least
two R? are H.

C30. The compound of embodiment C1, wherein R® is H.

C31. The compound of embodiment C13, wherein each
R*, R3¢, R*” and R is H and R>Z is a polar substituent.

C32. The compound of embodiment C1, wherein the com-
pound has a structure of Formula IX, R* and R* are not both
hydrogen, and R* and R independently are H, —Y° or -LY",
wherein Y° is an optionally substituted 5-membered ring or
optionally substituted 6-membered ring, Y* is an optionally
substituted S-membered aryl ring or optionally substituted
6-membered aryl ring, and L is a C1-C20 alkyl linker or
C1-C20 alkylene linker

C33.The compound of embodiment C1, provided that if R®
in Formula IX is phenyl, substituted phenyl, —CH(CH,)—
(CH,);—NEt,, —(CH,);-piperazine-(CH,);—NH,, cyclo-
hexane or butyl, then one or more of R® present is a non-
hydrogen moiety.

C34. A pharmaceutical composition comprising a com-
pound of embodiment C1 and a pharmaceutically acceptable
carrier.

El. A method for identifying a candidate molecule that
interacts with a PARP protein, which comprises

contacting a composition containing a PARP protein and a
compound having a structure of Formula I, 11, III, IV, V, VI,
VII, VIII, IX, X, XI, XII, XIII, XIV, XV or XVI with a
candidate molecule under conditions in which the compound
and the protein interact, and

determining whether the amount of the compound that
interacts with the protein is modulated relative to a control
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interaction between the compound and the protein without
the candidate molecule, whereby a candidate molecule that
modulates the amount of the compound interacting with the
protein relative to the control interaction is identified as a
candidate molecule that interacts with the protein.

E2. The method of embodiment E1, wherein the PARP
protein comprises the amino acid sequence of SEQ ID NO: 1
or a substantially identical variant thereof.

E3. The method of embodiment E1 or E2, wherein the
protein is in a cell.

E4. The method of any one of embodiments E1-E3,
wherein the protein is in a cell-free system.

E5. The method of any one of embodiments E1-E4,
wherein the protein, the compound or the molecule is in
association with a solid phase.

E6. The method of any one of embodiments E1-ES5,
wherein the interaction between the compound and the pro-
tein is detected via a detectable label.

E7. The method of embodiment E6, wherein the protein
comprises a detectable label.

E8. The method of embodiment E6, wherein the compound
comprises a detectable label.

E9. The method of any one of embodiments E1-ES5,
wherein the interaction between the compound and the pro-
tein is detected without a detectable label.

F1. A method for modulating the activity of a PARP pro-
tein, which comprises contacting a system comprising the
protein with a compound having a structure of Formula I, 11,
1IL, 1V, V, V1, VII, VIII, 1X, X, X1, X1II, X1III, XIV, XV or XVI
in an amount effective for modulating the activity of the
protein.

F2. The method of embodiment F1, wherein the activity of
the protein is inhibited.

F3. The method of F1 or F2, wherein the system is a cell.

F4. The method of any one of embodiments F1-F3,
wherein the system is a cell-free system.

F5. The method of any one of embodiments F1-F4,
wherein the protein or the compound is in association with a
solid phase.

G1. A method for inhibiting cell proliferation, which com-
prises contacting cells with a compound having a structure of
Formula I, 11, 111, TV, V, V1, VII, VIII, IX, X, X1, XII, XIII,
X1V, XV or XVI1in an amount effective to inhibit proliferation
of the cells.

G2. The method of embodiment G1, wherein the cells are
in a cell line.

G3. The method of embodiment G2, wherein the cells are
in a cancer cell line.

G4. The method of embodiment G3, wherein the cancer
cell line is a breast cancer, prostate cancer, pancreatic cancer,
lung cancer, hemopoietic cancer, colorectal cancer, skin can-
cer, ovary cancer cell line.

GS5. The method of embodiment G4, wherein the cancer
cell line is a breast cancer, prostate cancer or pancreatic
cancer cell line.

G6. The method of embodiment G1, wherein the cells are
in a tissue.

G7. The method of embodiment G1, wherein the cells are
in a subject.

G8. The method of embodiment G1, wherein the cells are
in a tumor.

G9. The method of embodiment G1, wherein the cells are
in a tumor in a subject.

G10. The method of any one of embodiments G1-G9,
which further comprises inducing cell apoptosis.

G11. The method of embodiment G1, wherein the cells are
from an eye of a subject having macular degeneration.
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G12. The method of embodiment G1, wherein the cells are
in a subject having macular degeneration.

H1. A method for treating a condition related to aberrant
cell proliferation, which comprises administering a com-
pound having a structure of Formula I, 11, III, IV, V, VI, VII,
VIIL IX, X, XT, XII, XIII, XTIV, XV or XVIto a subject in need
thereof in an amount effective to treat the cell proliferative
condition.

H2. The method of embodiment H1, wherein the cell pro-
liferative condition is a tumor-associated cancer.

H3. The method of embodiment H1 or H2, wherein the
cancer is of the breast, prostate, pancreas, lung, colorectum,
skin, or ovary

H4. The method of embodiment H1, wherein the cell pro-
liferative condition is a non-tumor cancer.

HS. The method of embodiment H4, wherein the non-
tumor cancer is a hemopoetic cancer.

H6. The method of embodiment H1, wherein the cell pro-
liferative condition is macular degeneration.

11. A method to treat cancer or an inflammatory disorder in
a subject in need of such treatment, comprising:

administering to the subject a therapeutically effective
amount of a therapeutic agent having a structure of Formula I,
10, 111, IV, V, V1, VII, VIII, IX, X, XI, XII, XIII, X1V, XV or
XVI or a pharmaceutically acceptable salt thereof; and

administering to the subject a molecule that inhibits PARP
or CK2 in an amount that is effective to enhance a desired
effect of the therapeutic agent.

12. The method of embodiment 11, wherein the molecule
that inhibits PARP or CK2 is a compound having a structure
of Formula I, 11, IT1, IV, V, VI, V1I, VIII, IX, X, XI, XII, XIII,
X1V, XV or XVI, or a pharmaceutically acceptable salt
thereof.

13. The method of embodiment 11, wherein the therapeutic

agent is:
(6] (€]
F N
[ \
N N
O
—
N
N\J

or a specific isomer or mixture of isomers thereof, or a phar-
maceutically acceptable salt thereof.

14. The method of any of embodiments 11-13, wherein the
therapeutic agent and the molecule that inhibits PARP or CK2
are administered at substantially the same time.

15. The method of any of embodiments 11-13, wherein the
therapeutic agent and molecule that inhibits PARP or CK2 are
used concurrently by the subject.

16. The method of any of embodiments 11-13, wherein the
therapeutic agent and the molecule that inhibits PARP or CK2
are combined into one pharmaceutical composition.

17. A pharmaceutical composition comprising a therapeu-
tic agent of any of formulas TA1-1, TA2, TA3-1, TA4-1,
TAS5-1 or TA6 admixed with a molecule that inhibits PARP or
CK2, or a pharmaceutically acceptable salt thereof.
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18. The pharmaceutical composition of embodiment 17,
wherein the molecule that inhibits PARP or CK2 is a PARP
inhibitor and is a known compound shown above, or is GPI
15427, GPI 16539.

19. The pharmaceutical composition of embodiment 17,
wherein the molecule that inhibits PARP or CK2 is a com-
pound of Formula I, 1T, 11T, TV, V, VI, VII, VIII, IX, X, XTI, X1I,
XIII, X1V, XV or XVI as described herein, or a pharmaceu-
tically acceptable salt thereof.

110. The pharmaceutical composition of embodiment 19,
wherein the therapeutic agent is a compound of formula TA2
or a pharmaceutically acceptable salt thereof.

111. A therapeutic composition comprising:

a therapeutically effective amount of a therapeutic agent of
the formula TA2:

(€] (€]
F
N N

jusi

or a specific isomer or mixture of isomers thereof, or a phar-
maceutically acceptable salt thereof,

admixed with an amount of a PARP inhibitor or a pharma-
ceutically acceptable salt of a PARP inhibitor, wherein the
PARP inhibitor is selected from the group consisting of GPI
15427, GPI 16539, and the known compounds shown above;
and

wherein the amount of the PARP inhibitor or the pharma-
ceutically acceptable salt of a PARP inhibitor is an amount
that is effective to enhance a desired effect of the therapeutic
agent.

M1. A compound having a structure of Formulae XIII,
X1V, XV and XVI:

Formula XTIT

Formula XIV
/ |
Tv
N
75
K | XN
COOH
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-continued
Formula XV
/ |
TR,
N
75
K | XN
AL S
RS
Formula XVI
HN’ : “R?
75
K | AN
N xn F

COOH

and pharmaceutically acceptable salts, esters, prodrugs and
tautomers thereof; wherein:

73 is N or CR%4;

each R%, R% R°“ and R® independently is H or an option-
ally substituted C1-C8 alkyl, C2-C8 heteroalkyl, C2-C8 alk-
enyl, C2-C8 heteroalkenyl, C2-C8 alkynyl, C2-C8 het-
eroalkynyl, C1-C8 acyl, C2-C8 heteroacyl, C6-C10 aryl,
C5-C12 heteroaryl, C7-C12 arylalkyl, or C6-C12 heteroary-
lalkyl group,

or each R%, R%%, R®“ and R® independently is halo, CF5,
CFN, OR, NR,, NROR, NRNR,, SR, SOR, SO,R, SO,NR,,
NRSO,R,NRCONR,, NRCOOR, NRCOR, CN, COOR, car-
boxy bioisostere, CONR,, OOCR, COR, or NO,,

R? is independently an optionally substituted C1-C8 alkyl,
C2-C8 heteroalkyl, C2-C8 alkenyl, C2-C8 heteroalkenyl,
C2-C8 alkynyl, C2-C8 heteroalkynyl, C1-C8 acyl, C2-C8
heteroacyl, C6-C10 aryl, C5-C12 heteroaryl, C7-C12 aryla-
lkyl, or C6-C12 heteroarylalkyl group, or

R? is independently halo, OR, NR,, NROR, NRNR,, SR,
SOR, SO,R, SO,NR,, NRSO,R, NRCONR,, NRCOOR,
NRCOR, CN, COOR, CONR,, OOCR, COR, or NO.,,

wherein each R is independently H or C1-C8 alkyl, C2-C8
heteroalkyl, C2-C8 alkenyl, C2-C8 heteroalkenyl, C2-C8
alkynyl, C2-C8 heteroalkynyl, C1-C8 acyl, C2-C8 heteroa-
cyl, C6-C10 aryl, C5-C10 heteroaryl, C7-C12 arylalkyl, or
C6-C12 heteroarylalkyl,

and wherein two R on the same atom or on adjacent atoms
can be linked to form a 3-8 membered ring, optionally con-
taining one or more N, O or S;

and each R group, and each ring formed by linking two R
groups together, is optionally substituted with one or more
substituents selected from halo, —0, —N-—CN, —N-—OR’,
—NR', OR', NR',, SR, SO,R', SO,NR',, NR'SO,R/,
NR'CONR',, NR'COOR', NR'COR', CN, COOR', CONR',,
OOCR!, COR', and NO,,

wherein each R' is independently H, C1-C6 alkyl, C2-C6
heteroalkyl, C1-C6 acyl, C2-C6 heteroacyl, C6-C10 aryl,
C5-C10 heteroaryl, C7-12 arylalkyl, or C6-12 heteroaryla-
Ikyl, each of which is optionally substituted with one or more
groups selected from halo, C1-C4 alkyl, C1-C4 heteroalkyl,
C1-C6 acyl, C1-C6 heteroacyl, hydroxy, amino, and —O;
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and wherein two R' can be linked to form a 3-7 membered
ring optionally containing up to three heteroatoms selected
from N, O and S;

nis0to 4; and

pis Oto 4.

M2. The compound of embodiment M1, wherein Z> is N.

M3. The compound of embodiment M1, wherein R® is a
caboxy moiety or carboxy bioisostere.

M4. The compound of embodiment M3, wherein the car-
boxy moiety is a carboxylate or carboxylic acid.

MS5. The compound of embodiment M1, wherein R® is
selected from —C=CR, —C=CH, —CH,, —CH,CH,,
—CF,, —CFN, —C=N, —OR and halogen.

M6. The compound of embodiment M5, wherein R® is
selected from halogen, —C=CR or —C=CH.

M?7. The compound of embodiment M6, wherein R® is
halogen.

MS. The compound of embodiment M7, wherein R® is
chloro.

M9. The compound of embodiment M7, wherein R® is
bromo.

M10. The compound of embodiment M6, wherein R® is
—C=CH.

M11. The compound of embodiment M8, which has the

following structure
HN : Cl

Y
LN
OH.

e}

M12. The compound of embodiment M10, which has the
following structure

HNQ\
%CH.
N,

(\ SN

NFH

O

M13. The compound of embodiment M1, wherein p is one
or two.

M14. The compound of embodiment M1, wherein p is one.

M15. The compound of embodiment M1, wherein n is one
or two.

M16. The compound of embodiment M1, wherein n is one.

N1. A method for identifying a candidate molecule that
interacts with a serine-threonine protein kinase, which com-
prises:
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contacting a composition containing a serine-threonine
protein kinase and a compound having a structure of Formula
L 1L 0L, IV, V, VI, VII, VIIL, IX, X, XI, X1I, X1IIT, XIV, XV or
XVIunder conditions in which the compound and the protein
interact with a candidate molecule, and

determining whether the amount of the compound that
interacts with the protein is modulated relative to a control
interaction between the compound and the protein without
the candidate molecule, whereby a candidate molecule that
modulates the amount of the compound interacting with the
protein relative to the control interaction is identified as a
candidate molecule that interacts with the protein.

N2. The method of embodiment N1, wherein the serine-
threonine protein kinase is a human serine-threonine protein
kinase.

N3. The method of embodiment N1, wherein the serine-
threonine protein kinase is selected from the group consisting
of CK2, CK2a2, Pim-1, CDKl/cyclinB, c-RAF, Mer,
MELK, DYRK2, FIt3, Flit3 (D835Y), Flt4, HIPK3, HIPK2,
Z1IPK and ZIPK.

N4. The method of embodiment N1, wherein the serine-
threonine protein kinase contains one or more of the follow-
ing amino acids at positions corresponding to those listed in
human CK2: leucine at position 45, methionine at position
163 and isoleucine at position 174.

N35. The method of embodiment N4, wherein the serine
threonine protein kinase is selected from the group consisting
of CK2, STK10, HIPK2, HIPK3, DAPK3,DYK2 and PIM-1.

N6. The method of embodiment N1, wherein the protein,
the compound or the molecule is in association with a solid
phase.

N7. The method of embodiment N1, wherein the interac-
tion between the compound and the protein is detected via a
detectable label.

O1. A method for modulating a serine-threonine protein
kinase activity, which comprises contacting a system com-
prising a serine-threonine protein kinase protein with a com-
pound of Formula I, 1T, 11T, TV, V, VI, VII, VIII, IX, X, XTI, X1I,
X1II, XTIV, XV or XV in an amount effective for modulating
the activity of the protein.

02. The method of embodiment O1, wherein the protein
kinase activity is the transfer of a gamma phosphate from
adenosine triphosphate to a peptide or protein substrate.

P1. A method for treating pain or inflammation in a subject,
which comprises administering a compound of Formula I, II,
L IV, V, VI, VII, VIII, IX, X, XI, XII, X111, XIV, XV or XVI
to a subject in need thereof in an amount effective to treat the
pain or the inflammation.

P2. A method for identifying a compound that reduces
inflammation or pain, which comprises:

contacting a system with a compound of Formula 1, 11, III,
IV, V, VL, VII, VIIL, IX, X, XTI, X1I1, XTIL, XIV, XV or XVT; and

detecting a pain signal or inflammation signal in the sys-
tem, whereby a compound that modulates the pain signal or
inflammation signal relative to a control molecule is identi-
fied as a compound that reduces inflammation of pain.

P3. A method for inhibiting angiogenesis in a subject,
which comprises administering a compound of Formula I, II,
L IV, V, VI, VII, VIII, IX, X, XI, XII, X111, XIV, XV or XVI
to a subject in need thereof in an amount effective to inhibit
the angiogenesis.

P4. A method for identifying a compound that modulates
angiogenesis, which comprises contacting a system with a
compound of Formula I, IT, III, IV, V, VI, VII, VIII, IX, X, X1,
XII, XTI, XTIV, XV or XVT; and

detecting angiogenesis or an angiogenesis signal in the
system, whereby a compound that modulates the angiogen-
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esis or angiogenesis signal relative to a control molecule is
identified as a compound that modulates angiogenesis.
Q1. A compound of formula (A):

)

wherein the group labeled a represents a 5-6 membered
aromatic or heteroaromatic ring fused onto the ring contain-
ing Q', wherein o is a 6-membered aryl ring optionally con-
taining one or more nitrogen atoms as ring members, or a five
membered aryl ring selected from thiophene and thiazole;
Q'is C—=X, Q?is NR>, and the bond between Q' and Q? is
asingle bond; or Q' is C—X—R>, Q*is N, and the bond
between Q' and Q? is a double bond; and
wherein X represents O, S or NR*;
each Z', Z*, 73, and Z* is N or CR? and one or more of Z*,
72,73, and 7% is CR3;
each of Z°, 7%, 77 and 7% is CR® or N;
each R? and each RS is independently H or an optionally
substituted C1-C8 alkyl, C2-C8 heteroalkyl, C2-C8 alk-
enyl, C2-C8 heteroalkenyl, C2-C8 alkynyl, C2-C8 het-
eroalkynyl, C1-C8 acyl, C2-C8 heteroacyl, C6-C10 aryl,
C5-C12 heteroaryl, C7-C12 arylalkyl, or C6-C12 het-
eroarylalkyl group,
or each R® and each R® can be halo, OR, NR,, NROR,
NRNR,, SR, SOR, SO,R, SO,NR,, NRSO,R,
NRCONR,, NRCOOR, NRCOR, CN, COOR, CONR,,
00CR, COR, or NO,,
wherein each R is independently H or C1-C8 alkyl,
C2-C8 heteroalkyl, C2-C8 alkenyl, C2-C8 heteroalk-
enyl, C2-C8 alkynyl, C2-C8 heteroalkynyl, C1-C8
acyl, C2-C8 heteroacyl, C6-C10 aryl, C5-C10 het-
eroaryl, C7-C12 arylalkyl, or C6-C12 heteroaryla-
lkyl,
and wherein two R on the same atom or on adjacent
atoms can be linked to form a 3-8 membered ring,
optionally containing one or more N, O or S;

10

20

25

30

35

40

748

and each R group, and each ring formed by linking
two R groups together, is optionally substituted
with one or more substituents selected from halo,
—0, —N—CN, —N—OR', —NR', OR', NR',,
SR', SO,R', SO,NR',, NR'SO,R', NR'CONR',,
NR'COOR!, NR'COR', CN, COOR', CONR',,
OOCR!, COR', and NO,,
wherein each R' is independently H, C1-C6 alkyl,
C2-C6 heteroalkyl, C1-C6 acyl, C2-C6 heteroa-
cyl, C6-C10aryl, C5-C10 heteroaryl, C7-12 ary-
lalkyl, or C6-12 heteroarylalkyl, each of which is
optionally substituted with one or more groups
selected from halo, C1-C4 alkyl, C1-C4 het-
eroalkyl, Cl1-C6 acyl, C1-C6 heteroacyl,
hydroxy, amino, and —O;
and wherein two R* can be linked to form a 3-7 mem-
bered ring optionally containing up to three het-
eroatoms selected from N, O and S,

R*is H or optionally substituted member selected from the
group consisting of C,-C; alkyl, C2-C6 heteroalkyl, and
C1-C6 acyl;

each R is independently H or an optionally substituted
member selected from the group consisting of C, ,, alkyl,
C, 1o alkenyl, C, |, heteroalkyl, C; ¢ carbocyclic ring, and
C, s heterocyclic ring optionally fused to an additional
optionally substituted carbocyclic or heterocyclic; or R® is a
C,.10 alkyl, C,_,, alkenyl, or C,_;, heteroalkyl substituted
with an optionally substituted C;_g carbocyclic ring or C; ¢
heterocyclic ring; and

in each —NR*R’, R* and R® together with N may form an

optionally substituted 3-8 membered ring, which may
optionally contain an additional heteroatom selected
from N, O and S as a ring member;
or a pharmaceutically acceptable salt, ester or prodgug
thereof;

provided that when Q' in Formula (A) is C—NH®, where
@ is optionally substituted phenyl:

if the ring labeled o is a six-membered ring containing at

least one N as a ring member, at least one R® present
must be a polar substituent, or if each R> is H, then @
must be substituted; and

if the ring labeled a is phenyl, and three of Z*-Z* represent
CH, then Z* cannot be C—OR", and Z> cannot be NH,, NO,
NHC(=O)R" or NHC(—0O)—OR", where R" is C1-C4
alkyl.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 4
<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

SEQ ID NO 1

LENGTH: 391

TYPE: PRT

ORGANISM: Homo sapiens
FEATURE:

NAME/KEY: DOMAIN
LOCATION: (1)...(391)
OTHER INFORMATION: casein

<400> SEQUENCE: 1

Met Ser Gly Pro Val Pro Ser Arg

1 5 10

Thr His Arg Pro Arg Glu Tyr Trp

20 25

Trp Gly Asn Gln Asp Asp Tyr Gln
35 40

Leu Val Arg Lys
45

kinase II alpha 1 subunit isoform a

Ala Arg Val Tyr Thr Asp Val Asn

15

Asp Tyr Glu Ser His Val Val Glu

30

Leu Gly Arg Gly
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750

Lys

65

Glu

Leu

Phe

Thr

Asp

145

Asn

Gly

Ala

Tyr

Met

225

Gln

Tyr

Leu

Asn

Leu

305

Ser

Ser

Gly

Ala
385

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

Tyr

50

Val

Ile

Ala

Glu

Asp

130

Tyr

Val

Leu

Ser

Asp

210

Ile

Leu

Ile

Gly

Gln

290

Arg

Pro

Ser

Gly

Ser

370

Ala

Ser

Val

Lys

Asp

His

115

Tyr

Cys

Met

Ala

Arg

195

Tyr

Phe

Val

Asp

Arg

275

His

Tyr

Tyr

Met

Ile

355

Pro

Ala

Glu

Lys

Ile

Ile

100

Val

Asp

His

Ile

Glu

180

Tyr

Ser

Arg

Arg

Lys

260

His

Leu

Asp

Phe

Pro

340

Ser

Val

Gly

PRT

SEQUENCE :

Val

Ile

Leu

85

Val

Asn

Ile

Ser

Asp

165

Phe

Phe

Leu

Lys

Ile

245

Tyr

Ser

Val

His

Tyr

325

Gly

Ser

Ile

Ala

SEQ ID NO 2
LENGTH:
TYPE :
ORGANISM: Homo sapiens
FEATURE:
NAME/KEY: DOMAIN
LOCATION:

391

Phe

Leu

70

Glu

Lys

Asn

Arg

Met

150

His

Tyr

Lys

Asp

Glu

230

Ala

Asn

Arg

Ser

Gln

310

Thr

Gly

Val

Ala

Gln
390

Glu

55

Lys

Asn

Asp

Thr

Phe

135

Gly

Glu

His

Gly

Met

215

Pro

Lys

Ile

Lys

Pro

295

Ser

Val

Ser

Pro

Ala

375

Gln

(1) ...(391)

2

OTHER INFORMATION:

casein kinase II alpha 1 subunit isoform a

Ala

Pro

Leu

Pro

Asp

120

Tyr

Ile

His

Pro

Pro

200

Trp

Phe

Val

Glu

Arg

280

Glu

Arg

Val

Thr

Thr

360

Ala

Ile

Val

Arg

Val

105

Phe

Met

Met

Arg

Gly

185

Glu

Ser

Phe

Leu

Leu

265

Trp

Ala

Leu

Lys

Pro

345

Pro

Asn

Asn

Lys

Gly

90

Ser

Lys

Tyr

His

Lys

170

Gln

Leu

Leu

His

Gly

250

Asp

Glu

Leu

Thr

Asp

330

Val

Ser

Pro

Ile

Lys

75

Gly

Arg

Gln

Glu

Arg

155

Leu

Glu

Leu

Gly

Gly

235

Thr

Pro

Arg

Asp

Ala

315

Gln

Ser

Pro

Leu

Thr

60

Lys

Pro

Thr

Leu

Ile

140

Asp

Arg

Tyr

Val

Cys

220

Glu

Arg

Phe

Phe

300

Arg

Ala

Ser

Leu

Gly
380

Asn

Lys

Asn

Pro

Tyr

125

Leu

Val

Leu

Asn

Asp

205

Met

Asp

Asp

Phe

Val

285

Leu

Glu

Arg

Ala

Gly

365

Met

Asn

Ile

Ile

Ala

110

Gln

Lys

Lys

Ile

Val

190

Tyr

Leu

Asn

Leu

Asn

270

His

Asp

Ala

Met

Asn

350

Pro

Pro

Glu

Lys

Ile

95

Leu

Thr

Ala

Pro

Asp

175

Arg

Gln

Ala

Tyr

Tyr

255

Asp

Ser

Lys

Met

Gly

335

Met

Leu

Val

Lys

Arg

80

Thr

Val

Leu

Leu

His

160

Trp

Val

Met

Ser

Asp

240

Asp

Ile

Glu

Leu

Glu

320

Ser

Met

Ala

Pro
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752

Met

Thr

Trp

Lys

65

Glu

Leu

Phe

Thr

Asp

145

Asn

Gly

Ala

Tyr

Met

225

Gln

Tyr

Leu

Asn

Leu

305

Ser

Ser

Gly

Ala
385

Ser

His

Gly

Tyr

50

Val

Ile

Ala

Glu

Asp

130

Tyr

Val

Leu

Ser

Asp

210

Ile

Leu

Ile

Gly

Gln

290

Arg

Pro

Ser

Gly

Ser
370

Ala

Gly

Arg

Asn

35

Ser

Val

Lys

Asp

His

115

Tyr

Cys

Met

Ala

Arg

195

Tyr

Phe

Val

Asp

Arg

275

His

Tyr

Tyr

Met

Ile
355

Pro

Ala

Pro

Pro

20

Gln

Glu

Lys

Ile

Ile

100

Val

Asp

His

Ile

Glu

180

Tyr

Ser

Arg

Arg

Lys

260

His

Leu

Asp

Phe

Pro

340

Ser

Val

Gly

Val

Arg

Asp

Val

Ile

Leu

85

Val

Asn

Ile

Ser

Asp

165

Phe

Phe

Leu

Lys

Ile

245

Tyr

Ser

Val

His

Tyr

325

Gly

Ser

Ile

Ala

<210> SEQ ID NO 3

<211> LENGTH:

<212> TYPE:

PRT

255

Pro

Glu

Asp

Phe

Leu

70

Glu

Lys

Asn

Arg

Met

150

His

Tyr

Lys

Asp

Glu

230

Ala

Asn

Arg

Ser

Gln

310

Thr

Gly

Val

Ala

Gln
390

Ser

Tyr

Tyr

Glu

55

Lys

Asn

Asp

Thr

Phe

135

Gly

Glu

His

Gly

Met

215

Pro

Lys

Ile

Lys

Pro

295

Ser

Val

Ser

Pro

Ala
375

Gln

Arg

Trp

Gln

40

Ala

Pro

Leu

Pro

Asp

120

Tyr

Ile

His

Pro

Pro

200

Trp

Phe

Val

Glu

Arg

280

Glu

Arg

Val

Thr

Thr
360

Ala

Ala

Asp

25

Leu

Ile

Val

Arg

Val

105

Phe

Met

Met

Arg

Gly

185

Glu

Ser

Phe

Leu

Leu

265

Trp

Ala

Leu

Lys

Pro

345

Pro

Asn

Arg

Tyr

Val

Asn

Lys

Gly

90

Ser

Lys

Tyr

His

Lys

170

Gln

Leu

Leu

His

Gly

250

Asp

Glu

Leu

Thr

Asp

330

Val

Ser

Pro

Val

Glu

Arg

Ile

Lys

75

Gly

Arg

Gln

Glu

Arg

155

Leu

Glu

Leu

Gly

Gly

235

Thr

Pro

Arg

Asp

Ala

315

Gln

Ser

Pro

Leu

Tyr

Ser

Lys

Thr

60

Lys

Pro

Thr

Leu

Ile

140

Asp

Arg

Tyr

Val

Cys

220

His

Glu

Arg

Phe

Phe

300

Arg

Ala

Ser

Leu

Gly
380

Thr

His

Leu

45

Asn

Lys

Asn

Pro

Tyr

125

Leu

Val

Leu

Asn

Asp

205

Met

Asp

Asp

Phe

Val

285

Leu

Glu

Arg

Ala

Gly
365

Met

Asp

Val

30

Gly

Asn

Ile

Ile

Ala

110

Gln

Lys

Lys

Ile

Val

190

Tyr

Leu

Asn

Leu

Asn

270

His

Asp

Ala

Met

Asn

350

Pro

Pro

Val

15

Val

Arg

Glu

Lys

Ile

95

Leu

Thr

Ala

Pro

Asp

175

Arg

Gln

Ala

Tyr

Tyr

255

Asp

Ser

Lys

Met

Gly

335

Met

Leu

Val

Asn

Glu

Gly

Lys

Arg

Thr

Val

Leu

Leu

His

160

Trp

Val

Met

Ser

Asp

240

Asp

Ile

Glu

Leu

Glu

320

Ser

Met

Ala

Pro
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-continued

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: DOMAIN

<222> LOCATION: (1)...(255)

<223> OTHER INFORMATION: casein kinase Ii alpha 1 subunit isoform b

<400> SEQUENCE: 3

Met Tyr Glu Ile Leu Lys Ala Leu Asp Tyr Cys His Ser Met Gly Ile
1 5 10 15

Met His Arg Asp Val Lys Pro His Asn Val Met Ile Asp His Glu His
20 25 30

Arg Lys Leu Arg Leu Ile Asp Trp Gly Leu Ala Glu Phe Tyr His Pro
35 40 45

Gly Gln Glu Tyr Asn Val Arg Val Ala Ser Arg Tyr Phe Lys Gly Pro
50 55 60

Glu Leu Leu Val Asp Tyr Gln Met Tyr Asp Tyr Ser Leu Asp Met Trp
65 70 75 80

Ser Leu Gly Cys Met Leu Ala Ser Met Ile Phe Arg Lys Glu Pro Phe
85 90 95

Phe His Gly His Asp Asn Tyr Asp Gln Leu Val Arg Ile Ala Lys Val
100 105 110

Leu Gly Thr Glu Asp Leu Tyr Asp Tyr Ile Asp Lys Tyr Asn Ile Glu
115 120 125

Leu Asp Pro Arg Phe Asn Asp Ile Leu Gly Arg His Ser Arg Lys Arg
130 135 140

Trp Glu Arg Phe Val His Ser Glu Asn Gln His Leu Val Ser Pro Glu
145 150 155 160

Ala Leu Asp Phe Leu Asp Lys Leu Leu Arg Tyr Asp His Gln Ser Arg
165 170 175

Leu Thr Ala Arg Glu Ala Met Glu His Pro Tyr Phe Tyr Thr Val Val
180 185 190

Lys Asp Gln Ala Arg Met Gly Ser Ser Ser Met Pro Gly Gly Ser Thr
195 200 205

Pro Val Ser Ser Ala Asn Met Met Ser Gly Ile Ser Ser Val Pro Thr
210 215 220

Pro Ser Pro Leu Gly Pro Leu Ala Gly Ser Pro Val Ile Ala Ala Ala
225 230 235 240

Asn Pro Leu Gly Met Pro Val Pro Ala Ala Ala Gly Ala Gln Gln
245 250 255

<210> SEQ ID NO 4

<211> LENGTH: 1014

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: DOMAIN

<222> LOCATION: (1)...(1014)

<223> OTHER INFORMATION: poly (ADP-ribose) polymerase family, member 1

<400> SEQUENCE: 4

Met Ala Glu Ser Ser Asp Lys Leu Tyr Arg Val Glu Tyr Ala Lys Ser
1 5 10 15

Gly Arg Ala Ser Cys Lys Lys Cys Ser Glu Ser Ile Pro Lys Asp Ser
20 25 30

Leu Arg Met Ala Ile Met Val Gln Ser Pro Met Phe Asp Gly Lys Val
35 40 45

Pro His Trp Tyr His Phe Ser Cys Phe Trp Lys Val Gly His Ser Ile
50 55 60
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756

Arg

Asp

Lys

Phe

Met

Asp

145

Gly

Ser

Glu

Lys

Lys

225

Gln

Ser

Pro

Phe

Lys

305

Cys

Lys

Gln

Pro

Ser

385

Leu

Gly

Lys

Ala

Ser
465

His

Gln

Gly

Ala

Glu

130

Pro

Cys

Ala

Ala

Gly

210

Lys

Asn

Thr

Ser

Gly

290

Ser

Met

Glu

Asp

Pro

370

Ala

Ser

Lys

Lys

Asn

450

Thr

Pro

Gln

Gln

Ala

115

Lys

Glu

Phe

Ser

Leu

195

Asp

Glu

Asp

Asn

Gly

275

Ala

Asp

Val

Phe

Arg

355

Pro

Asp

Arg

Leu

Glu
435

Ile

Lys

Asp

Lys

Asp

100

Glu

Ile

Lys

Val

Gln

180

Lys

Glu

Lys

Leu

Asp

260

Glu

Leu

Ala

Lys

Arg

340

Ile

Ser

Lys

Asn

Thr

420

Val

Arg

Ser

Val

Val

85

Gly

Tyr

Glu

Pro

Lys

165

Leu

Lys

Val

Asp

Ile

245

Leu

Ser

Leu

Tyr

Thr

325

Glu

Phe

Thr

Pro

Lys

405

Gly

Glu

Val

Leu

Glu

70

Lys

Ile

Ala

Lys

Gln

150

Asn

Lys

Gln

Asp

Lys

230

Trp

Lys

Ala

Pro

Tyr

310

Gln

Ile

Pro

Ala

Leu

390

Asp

Thr

Lys

Val

Gln
470

Val

Lys

Gly

Lys

Gly

135

Leu

Arg

Gly

Leu

Gly

215

Asp

Asn

Glu

Ile

Cys

295

Cys

Thr

Ser

Pro

Ser

375

Ser

Glu

Ala

Met

Ser

455

Glu

Asp

Thr

Ser

Ser

120

Gln

Gly

Glu

Phe

Pro

200

Val

Ser

Ile

Leu

Leu

280

Glu

Thr

Pro

Tyr

Glu

360

Ala

Asn

Val

Asn

Asn
440

Glu

Leu

Gly

Ala

Lys

105

Asn

Val

Met

Glu

Ser

185

Gly

Asp

Lys

Lys

Leu

265

Asp

Glu

Gly

Asn

Leu

345

Thr

Pro

Met

Lys

Lys

425

Lys

Asp

Phe

Phe

Glu

90

Ala

Arg

Arg

Ile

Leu

170

Leu

Val

Glu

Leu

Asp

250

Ile

Arg

Cys

Asp

Arg

330

Lys

Ser

Ala

Lys

Ala

410

Ala

Lys

Phe

Leu

Ser

75

Ala

Glu

Ser

Leu

Asp

155

Gly

Leu

Lys

Val

Glu

235

Glu

Phe

Val

Ser

Val

315

Lys

Lys

Ala

Ala

Ile

395

Met

Ser

Met

Leu

Ala
475

Glu

Gly

Lys

Thr

Ser

140

Arg

Phe

Ala

Ser

Ala

220

Lys

Leu

Asn

Ala

Gly

300

Thr

Glu

Leu

Ser

Val

380

Leu

Ile

Leu

Glu

Gln

460

His

Leu

Gly

Thr

Cys

125

Lys

Trp

Arg

Thr

Glu

205

Lys

Ala

Lys

Lys

Asp

285

Gln

Ala

Trp

Lys

Val

365

Asn

Thr

Glu

Cys

Glu

445

Asp

Ile

Arg

Val

Leu

110

Lys

Lys

Tyr

Pro

Glu

190

Gly

Lys

Leu

Lys

Gln

270

Gly

Leu

Trp

Val

Val

350

Ala

Ser

Leu

Lys

Ile
430
Val

Val

Leu

Trp

Thr

95

Gly

Gly

Met

His

Glu

175

Asp

Lys

Lys

Lys

Val

255

Gln

Met

Val

Thr

Thr

335

Lys

Ala

Ser

Gly

Leu

415

Ser

Lys

Ser

Ser

Asp

Gly

Asp

Cys

Val

Pro

160

Tyr

Lys

Arg

Ser

Ala

240

Cys

Val

Val

Phe

Lys

320

Pro

Lys

Thr

Ala

Lys

400

Gly

Thr

Glu

Ala

Pro
480
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758

Trp

Gly

Glu

Gly

545

Asp

Asp

Gly

Asp

Ala

625

Leu

Ile

Tyr

Gln

705

Ser

Tyr

Asn

Leu

Ser

785

Ile

Tyr

Lys
Arg
865

Pro

Phe

Gly

Lys

Glu

Gly

530

Leu

Ile

Asp

Thr

Ala

610

Trp

Glu

Asn

Lys

Glu

690

Ile

Gln

Thr

Asn

Asp

770

Ser

Lys

Val

Ile

Pro
850
Thr

Pro

Ala

Ala

Ser

Gly

515

Ala

Glu

Val

Lys

Val

595

Ile

His

Ile

Pro

Met

675

Ile

Gln

Gly

Leu

Ala

755

Ile

Lys

Val

Lys

Asp

835

Phe

Thr

Glu

Asp

Glu

Gly

500

Ile

Ala

Lys

Lys

Glu

580

Ile

Glu

Ser

Asp

Gly

660

Ile

Asp

Ala

Ser

Ile

740

Asp

Glu

Asp

Val

Asn

820

Ile

Lys

Asn

Ala

Met

Val

485

Ala

Asn

Val

Gly

Gly

565

Asn

Gly

Gln

Lys

Tyr

645

Thr

Phe

Leu

Ala

Ser

725

Pro

Ser

Val

Pro

Asp

805

Thr

Phe

Gln

Phe

Pro
885

Val

Lys

Ala

Lys

Asp

Gly

550

Thr

Arg

Ser

Phe

Asn

630

Gly

Lys

Asp

Gln

Tyr

710

Asp

His

Val

Ala

Ile

790

Arg

His

Lys

Leu

Ala
870

Val

Ser

Ala

Leu

Ser

Pro

535

Lys

Asn

Tyr

Asn

Met

615

Phe

Gln

Ser

Val

Lys

695

Ser

Ser

Asp

Gln

Tyr

775

Asp

Asp

Ala

Ile

His
855
Gly

Thr

Lys

Glu

Ser

Glu

520

Asp

Val

Ser

Trp

Lys

600

Lys

Thr

Asp

Lys

Glu

680

Met

Ile

Gln

Phe

Ala

760

Ser

Val

Ser

Thr

Glu

840

Asn

Ile

Gly

Ser

Pro

Lys

505

Lys

Ser

Phe

Tyr

Ile

585

Leu

Leu

Lys

Glu

Leu

665

Ser

Pro

Leu

Ile

Gly

745

Lys

Leu

Asn

Glu

Thr

825

Arg

Arg

Leu

Tyr

Ala

Val

490

Lys

Arg

Gly

Ser

Tyr

570

Phe

Glu

Tyr

Tyr

Glu

650

Pro

Met

Leu

Ser

Leu

730

Met

Val

Leu

Tyr

Glu

810

His

Glu

Arg

Ser

Met
890

Asn

Glu

Ser

Met

Leu

Ala

555

Lys

Arg

Gln

Glu

Pro

635

Ala

Lys

Lys

Gly

Glu

715

Asp

Lys

Glu

Arg

Glu

795

Ala

Ser

Gly

Leu

Gln
875

Phe

Tyr

Val Val Ala

Lys

Lys

Glu

540

Thr

Leu

Ser

Met

Glu

620

Lys

Val

Pro

Lys

Lys

700

Val

Leu

Lys

Met

Gly

780

Lys

Glu

Ala

Glu

Leu
860
Gly

Gly

Tyr

Gly

Leu

525

His

Leu

Gln

Trp

Pro

605

Lys

Lys

Lys

Val

Ala

685

Leu

Gln

Ser

Pro

Leu

765

Gly

Leu

Ile

Tyr

Cys

845

Trp

Leu

Lys

His

Gln

510

Thr

Ser

Gly

Leu

Gly

590

Ser

Thr

Phe

Lys

Gln

670

Met

Ser

Gln

Asn

Pro

750

Asp

Ser

Lys

Ile

Asp

830

Gln

His

Arg

Gly

Thr

Pro

495

Val

Leu

Ala

Leu

Leu

575

Arg

Lys

Gly

Tyr

Leu

655

Asp

Val

Lys

Ala

Arg

735

Leu

Asn

Asp

Thr

Arg

815

Leu

Arg

Gly

Ile

Ile
895

Ser

Arg

Lys

Lys

His

Val

560

Glu

Val

Glu

Asn

Pro

640

Thr

Leu

Glu

Arg

Val

720

Phe

Leu

Leu

Asp

Asp

800

Lys

Glu

Tyr

Ser

Ala
880

Tyr

Gln
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760

Gly

Met

Lys

945

Asn

Ser

Asp

Phe

900

Asp Pro Ile
915

Tyr Glu Leu
930

His Ser Val

Ile Ser Leu

Gly Val Ile

980

Ile Ala Gln
995

Lys Thr Ser
1010

Gly

Lys

Lys

Asp

965

Asp

Val

Leu

Leu Ile
His Ala
935

Gly Leu

950

Gly Val

Thr Ser

Asn Leu

Trp

Leu

920

Ser

Gly

Asp

Leu

Lys
1000

905

Leu

His

Lys

Val

Leu

985

Tyr

Gly Glu Val

Ile Ser Arg

Thr Thr
955

940

Pro

Pro Leu Gly

970

Tyr Asn Glu

Leu Leu

Lys

Ala

925

Leu

Asp

Thr

Tyr

Leu
1005

910

Leu

Pro

Pro

Gly

Ile

990

Lys

Gly

Lys

Ser

Ile

975

Val

Phe

Asn

Gly

Ala

960

Ser

Tyr

Asn

What is claimed is:
1. A method for inhibiting cell proliferation, which com-
prises contacting cells with a compound having a structure of
Formula I, or a pharmaceutically acceptable salt or ester
thereof, in an amount effective to inhibit proliferation of the
cells, wherein:

each Z', 7% 73, and Z* is N or CR?;
each of Z°, 7%, 77 and Z® is N or CRY;
none, one or two of Z'—Z* are N and none, one or two of
7Z>—78 are N, and at least one of Z'—Z7* and 7> 7% is
a nitrogen atom;
each R? and each RS is independently H or an optionally
substituted C1-C8 alkyl, C2-C8 heteroalkyl, C2-C8 alk-
enyl, C2-C8 heteroalkenyl, C2-C8 alkynyl, C2-C8 het-
eroalkynyl, C1-C8 acyl, C2-C8 heteroacyl, C6-C10 aryl,
C5-C12 heteroaryl, C7-C12 arylalkyl, or C6-C12 het-
eroarylalkyl group, or
each RS is independently halo, OR, NR,, NROR, NRNR,,
SR, SOR, SO,R, SO,NR,, NRSO,R, NRCONR,,
NRCOOR, NRCOR, CN, OC(O)R, COR, NO,, or a
polar substituent selected from a carboxylic acid, a car-
boxylate salt, an ester, a carboxamide, a tetrazole, or a
carboxy bioisostere selected the group consisting of

NH

)

¢}

Formula I
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-continued
7<s _on S _NH,
O// \\O O// \\O
H = 7
S AN
S R S
oH NI
>(§/P<OH I\
N 2N
N
NH

‘PN
\N/ R’

and each R® is independently halo, OR, NR,, NROR,
NRNR,, SR, SOR, SO,R, SO,NR,, NRSO,R, NRCONR,,
NRCOOR, NRCOR, CN, OC(O)R, COR, polar substituent
as defined above, or NO,, and

at least one R? is a polar substituent;

wherein each R is independently H or C1-C8 alkyl, C2-C8
heteroalkyl, C2-C8 alkenyl, C2-C8 heteroalkenyl,
C2-C8 alkynyl, C2-C8 heteroalkynyl, C1-C8 acyl,
C2-C8 heteroacyl, C6-C 10 aryl, C5-C10 heteroaryl,
C7-C12 arylalkyl, or C6-C12 heteroarylalkyl,

and wherein two R on the same atom or on adjacent atoms
can be linked to form a 3-8 membered ring, optionally
containing one or more N, O or S;

and each R group, and each ring formed by linking two R
groups together, is optionally substituted with one or
more substituents selected from halo, —0O, —N-—CN,
—N—OR', —NR’, OR', NR',, SR, SO,R', SO,NR',,
NR'SO,R', NR'CONR',, NR'COOR’, NR'COR', CN,
COOR!, CONR',, OC(O)R', COR’, and NO.,,

wherein each R' is independently H, C1-C6 alkyl, C2-C6
heteroalkyl, C1-C6 acyl, C2-C6heteroacyl, C6-C10
aryl, C5-C10 heteroaryl, C7-12 arylalkyl, or C6-12 het-
eroarylalkyl, each of which is optionally substituted
with one or more groups selected from halo, C1-C4
alkyl, C1-C4 heteroalkyl, C1-C6acyl, C1-C6heteroacyl,
hydroxy, amino, and —O;

and wherein two R' can be linked to form a 3-7 membered
ring optionally containing up to three heteroatoms
selected from N, O and S;

R* is H or an optionally substituted member selected from
the group consisting of C1-Cé6alkyl, C2-C6heteroalkyl,
and C1-Céacyl;

each R” is an optionally substituted member selected from
the group consisting of C,-,, alkyl, C,_,, alkenyl, C,_;,
heteroalkyl, C,_g carbocyclic ring, and C,_g heterocyclic
ring optionally fused to an additional optionally substi-
tuted carbocyclic or heterocyclic ring; or R® is a C,_,,
alkyl, C,_,, alkenyl, or C,,, heteroalkyl substituted with
an optionally substituted C;-4 carbocyclic ring or C;
heterocyclic ring; and

in each —NR*R>, R* and R® together with N may form an
optionally substituted 3-8 membered ring, which may
optionally contain an additional heteroatom selected
from N, O and S as a ring member;

provided that when —NR*R? in Formula (I) is —NH @,
where ®is optionally substituted phenyl:
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if all of Z°—Z7® are CH or one of Z°—Z72 is N, at least one
of Z'—7* is CR? and at least one R® must be a non-
hydrogen substituent; or

if each R? is H, then ®must be substituted;

wherein each R” is independently H or an optionally sub-
stituted member selected from the group consisting of
C1-10 alkyl, C2-10 alkenyl, C2-10 heteroalkyl, C3-8
carbocyclic ring. and C3-8 heterocyclic ring optionally
fused to an additional optionally substituted carbocyclic
or heterocyclic ring; or R” is a C1-10 alkyl, C2-10 alk-
enyl, or C2-10 heteroalkyl substituted with an optionally
substituted C3-8 carbocyclic ring or C3-8 heterocyclic
ring; and

the cells are cancer cells in a subject or in a cancer cell line,
wherein the cancer is selected from a breast cancer,
prostate cancer, pancreatic cancer, lung cancer,
hemopoietic cancer, colorectal cancer, skin cancer, or
ovary cancer.

2. The method of claim 1, wherein contacting cells with the
compound having a structure of Formula I induces cell apo-
ptosis.

3. A method for treating cancer selected from the group
consisting of breast cancer, prostate cancer, pancreatic can-
cer, lung cancer, hemopoietic cancer, colorectal cancer, skin
cancer, and ovarian cancer, which comprises administering
an effective amount of a compound having a structure of
Formula 1, or a pharmaceutically acceptable salt or ester
thereof, to a subject in need thereof, wherein:

Formula I

each Z', 72, 7%, and Z*is N or CR?;
each of Z°, 7°, 77 and Z® is N or CR?,
none, one or two of Z'—Z* are N and none, one or two of

7>—7% are N, and at least one of Z!-—Z*and 7Z>— 7% is
a nitrogen atom;

each R® and each R® is independently H or an optionally
substituted C1-C8 alkyl, C2-C8 heteroalkyl, C2-C8 alk-
enyl, C2-C8 heteroalkenyl, C2-C8 alkynyl, C2-C8 het-
eroalkynyl, C1-C8 acyl, C2-C8 heteroacyl, C6-C10 aryl,
C5-C12 heteroaryl, C7-C12 arylalkyl, or C6-C12 het-
eroarylalkyl group, or

each RS is independently halo, OR, NR,, NROR, NRNR,,
SR, SOR, SO,R, SO,NR,, NRSO,R, NRCONR,,
NRCOOR, NRCOR, CN, OC(O)R, COR, NO,, or a
polar substituent selected from a carboxylic acid, a car-
boxylate salt, an ester, a carboxamide, a tetrazole, or a
carboxy bioisostere selected the group consisting of

NH NH
% 7 \ 7
O R S—R
VAN
O o O
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O}><
~&
—

Z

s

S—=R’ N
g \O/KO
></s\/OH ></s\/NH2
7N, 7N,
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/\

Vo

Y N N
\Né
NH
N/ )\ ol
\ A Y o
)—N o) /\s\— 7
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NH NH
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I\, VAN
H H
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X \”/
I\ 2N
- NH
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N\ 4N
N
NH
‘N
\N/ R’
and each R® is independently halo, OR, NR,, NROR,

NRNR,, SR, SOR, SO,R, SO,NR,, NRSO,R, NRCONR,,
NRCOOR, NRCOR, CN, OC(O)R, COR, polar substituent
as defined above, or NO,, and
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at least one R? is a polar substituent;

wherein each R is independently H or C1-C8 alkyl, C2-C8
heteroalkyl, C2-C8 alkenyl, C2-C8 heteroalkenyl,
C2-C8 alkynyl, C2-C8 heteroalkynyl, C1-C8 acyl,
C2-C8 heteroacyl, C6-C 10 aryl, C5-C10 heteroaryl,
C7-C12 arylalkyl, or C6-C12 heteroarylalkyl,

and wherein two R on the same atom or on adjacent atoms
can be linked to form a 3-8 membered ring, optionally
containing one or more N, O or S;

and each R group, and each ring formed by linking two R
groups together, is optionally substituted with one or
more substituents selected from halo, —0O, —N —CN,
—N —OR —NR/, OR', NR',, SR', SO,R', SO,NR',,
NR'SO,R', NR'CONR',, NR'COOR', NR'COR!, CN,
COOR!, CONR',, OC(O)R', COR', and NO,,

wherein each R' is independently H, C1-Cé6alkyl, C2-C6
heteroalkyl, C1-C6acyl, C2-C6heteroacyl, C6-C10 aryl,
C5-C10 heteroaryl, C7-12arylalkyl, or C6-12heteroary-
lalkyl, each of which is optionally substituted with one
or more groups selected from halo, C1-C4alkyl,
C1-C4heteroalkyl, Cl1-Cé6acyl, Cl-C6heteroacyl,
hydroxy, amino, and —O;

and wherein two R' can be linked to form a 3-7 membered
ring optionally containing up to three heteroatoms
selected from N, O and S;

R*is H or an optionally substituted member selected from
the group consisting of C1-Cé6alkyl, C2-C6 heteroalkyl,
and C1-Céacyl;

each R’ is an optionally substituted member selected from
the group consisting of C, -, alkyl, C,_,, alkenyl, C,_;,
heteroalkyl, C,_g carbocyclic ring, and C,_g heterocyclic
ring optionally fused to an additional optionally substi-
tuted carbocyclic or heterocyclic ring; or R® is a C,_,
alkyl, C, ;4 alkenyl, or C,  , heteroalkyl substituted with
an optionally substituted C;_g carbocyclic ring or C;_¢
heterocyclic ring; and

in each —NR*R’, R* and R® together with N may form an
optionally substituted 3-8 membered ring, which may
optionally contain an additional heteroatom selected
from N, O and S as a ring member;

provided that when —NR*R® in Formula (I) is —NH @,
where ®is optionally substituted phenyl:

ifall of Z>—Z8 are CH or one of Z°—Z78 is N, at least one
of Z'—7%is CR? and at least one R* must be a non-
hydrogen substituent; or

if each R? is H, then ®must be substituted;

wherein each R is independently H or an optionally sub-
stituted member selected from the group consisting of
C1-10 alkyl, C2-10 alkenyl, C2-10 heteroalkyl, C3-8
carbocyclic ring. and C3-8 heterocyclic ring optionally
fused to an additional optionally substituted carbocyclic
or heterocyclic ring; or R” is a C1-10 alkyl, C2-10 alk-
enyl, or C2-10 heteroalkyl substituted with an optionally
substituted C3-8 carbocyclic ring or C3-8 heterocyclic
ring.

4. The method of claim 3, wherein the cancer is a tumor-

associated cancer.

5. The method of claim 3, wherein the cancer is a non-

tumor cancetr.

6. The method of claim 5, wherein the non-tumor cancer is

a hematopoietic cancer.

7. The method of claim 6, wherein the non-tumor cancer is

leukemia or lymphoma.

8. A method to treat cancer in a subject in need of such

treatment, comprising:
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administering to the subject a therapeutically effective
amount of a therapeutic agent having a structure of For-
mula I or a pharmaceutically acceptable salt or ester
thereof, wherein:

Formula I

each Z', 7% 73, and Z* is N or CR?;
each of Z°, 7% 77 and Z® is N or CRS;

none, one or two of Z'—7* are N and none, one or two of
7Z>—78 are N, and at least one of Z'—Z7* and 7> 7% is
a nitrogen atom;

each R? and each RS is independently H or an optionally
substituted C1-C8 alkyl, C2-C8 heteroalkyl, C2-C8 alk-
enyl, C2-C8 heteroalkenyl, C2-C8 alkynyl, C2-C8 het-
eroalkynyl, C1-C8 acyl, C2-C8 heteroacyl, C6-C10 aryl,
C5-C12 heteroaryl, C7-C12 arylalkyl, or C6-C12 het-
eroarylalkyl group, or

each RS is independently halo, OR, NR,, NROR, NRNR,,
SR, SOR, SO,R, SO,NR,, NRSO,R, NRCONR,,
NRCOOR, NRCOR, CN, OC(O)R, COR, NO,, or a
polar substituent selected from a carboxylic acid, a car-
boxylate salt, an ester, a carboxamide, a tetrazole, or a
carboxy bioisostere selected the group consisting of

o) O
O/ A\ O O/ A\ \

I\ A
X .
O/’\/ >/§ \
OH AN
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and each R® is independently halo, OR, NR,, NROR,
NRNR,, SR, SOR, SO,R, SO,NR,, NRSO,R, NRCONR,,
NRCOOR, NRCOR, CN, OC(O)R, COR, polar substituent
as defined above, or NO, and

at least one R? is a polar substituent;

wherein each R is independently H or C1-C8 alkyl, C2-C8
heteroalkyl, C2-C8 alkenyl, C2-C8 heteroalkenyl,
C2-C8 alkenyl, C2-C8 heteroalkynyl, C1-C8 acyl,
C2-C8 heteroacyl, C6-C 10 aryl, C5-C10 heteroaryl,
C7-C12 arylalkyl, or C6-C12 heteroarylalkyl,

and wherein two R on the same atom or on adjacent atoms
can be linked to form a 3-8 membered ring, optionally
containing one or more N, O or S;

and each R group, and each ring formed by linking two R
groups together, is optionally substituted with one or
more substituents selected from halo, —0O, —N-—CN,
—N—OR', —NR/, OR', NR',, SR, SO,R', SO,NR',,
NR'SO,R', NR'CONR',, NR'COOR’, NR'COR', CN,
COOR', CONR',, OC(O)R', COR', and NO,,

wherein each R' is independently H, Cl-c6alkyl, C2-C6
heteroalkyl, C1-c6acyl, C2-C6 heteroacyl, C6-C10 aryl,
C5-C10heteroaryl, C7-12arylalkyl, or C6-12 heteroary-
lalkyl, each of which is optionally substituted with one
or more groups selected from halo, C1-C4 alkyl, C1-C4
heteroalkyl, C1-C6acyl, C1-C6 heteroacyl, hydroxy,
amino, and —O;

and wherein two R' can be linked to form a 3-7 membered
ring optionally containing up to three heteroatoms
selected from N, O and S;

R*is H or an optionally substituted member selected from
the group consisting of C1-C6 alkyl, C2-C6 heteroalkyl,
and C1-Céacyl;

each R® is an optionally substituted member selected from
the group consisting of C, _,, alkyl, C,_,, alkenyl, C,-,
heteroalkyl, C, ¢ carbocyclic ring, and C;_g heterocyclic
ring optionally fused to an additional optionally substi-
tuted carbocyclic or heterocyclic ring; or R is a C,_j,
alkyl, C,_,, alkenyl, or C,,, heteroalkyl substituted with
an optionally substituted C;-4 carbocyclic ring or C;
heterocyclic ring; and

in each —NR*R>, R* and R® together with N may form an
optionally substituted 3-8 membered ring, which may
optionally contain an additional heteroatom selected
from N, O and S as a ring member;

provided that when —NR*R® in Formula (I) is —NH®,
where ®is optionally substituted phenyl:

ifall of Z°—Z77 are CH or one of Z°—Z7? is N, at least one
of Z'—7* is CR? and at least one R* must be a non-
hydrogen substituent; or

if each R? is H, then ®must be substituted;

wherein each R is independently H or an optionally sub-
stituted member selected from the group consisting of
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C1-10 alkyl, C2-10 alkenyl, C2-10 heteroalkyl, C3-8
carbocyclic ring, and C3-8 heterocyclic ring optionally
fused to an additional optionally substituted carbocyclic
or heterocyclic ring; or R” is a C1-10 alkyl, C2-10 alk-
enyl, or C2-10 heteroalkyl substituted with an optionally
substituted C3-8 carbocyclic ring or C3-8 heterocyclic
ring; and

administering to the subject a molecule that inhibits PARD

or CK2 in an amount that is effective to enhance a
desired eftect of the therapeutic agent, wherein the can-
cer is selected from the group consisting of breast can-
cer, prostate cancer, pancreatic cancer, lung cancer,
hemopoietic cancer, colorectal cancer, skin cancer, and
ovarian cancer.

9. The method of claim 8, wherein the therapeutic agent
and the molecule that inhibits PARP or CK2 are administered
at substantially the same time.

10. The method of claim 8, wherein the therapeutic agent
and molecule that inhibits PARP or CK2 are used concur-
rently by the subject.

11. The method of claim 8, wherein the therapeutic agent
and the molecule that inhibits PARP or CK2 are combined
into one pharmaceutical composition.

12. The method of claim 3, wherein the ring containing
7Z'—7%is selected from one of the following structures

R34 R34
R3P R3B R3D R32
R3C R3P
R34 R3P
and
R3D R3?P R3D R3B
R3C R3C

wherein R is a polar substituent and each R*%, R** R*“ and
R>*” independently is selected from R substituents.

13. The method of claim 12, wherein each R*#, R*¢ and
R>*” is H and R3Z is a polar substituent.

14. The method of claim 3, wherein R* is H.

15. The method of claim 3, wherein R> is an optionally
substituted 3-8 membered ring.

16. The method of claim 3, wherein R® is a C,_, alkyl
group substituted with an optionally substituted 3-8 mem-
bered ring.

17. The method of claim 3, wherein R> is an optionally
substituted six-membered carbocyclic or heterocyclic ring.

18. The method of claim 17, wherein R” is an optionally
substituted phenyl ring.

19. The method of claim 18, wherein the compound has a
structure of Formula I, R* is H or CH; and R® is a phenyl
substituted with one or more halogen or acetylene substitu-
ents.

20. The method of claim 19, wherein the one or more
halogen or acetylene substituents are on the phenyl ring at the
3-position, 4-position or 5-position, or combinations thereof.

21. The method of claim 3, wherein R® is a C, ; alkyl
substituted with an optionally substituted phenyl, pyridyl or
morpholino ring substituent, or substituted with —NR*R>.
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22. The method of claim 3, wherein the R substituent is a -continued
—NR*R? substituent. CH;
23. The method of claim 22, wherein the R® substituent is Il\I
a—NH-—(C1-C6 alkyl) or —NH—(C3-C8 cycloalkyl) moi- _ NN
ety.
24. The method of claim 3, wherein the compound having XN
a structure of Formula I is: |
N /
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15
N 0
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Ol 20
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25. The method of claim 3, wherein the compound is » CHs,
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